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MATHEMATICKS, 


Volume  the  Fourth. 


At  the  Hand  and  Ten  in  Bar- 
hkan,  are  Taught,  ^Iz.  Writing  in 
ail  Hands/  Merchant’s  Accounts, 
Book-keeping,  Algebra,  Geometry, 
Meafuring/^  Surveying,  Gauging, 
Me£hanicks,Fortification,Gunery, 
Navigation ,  Dialling ,  and  other. 
Parts  of  Mathematicks  ;  alfo  the 
ijfe  of  the  Globes  and  Maps,  after 
a  Natural,  Eafy  an^  .Concife  Me¬ 
thod,  without  Burthen  to  the  Me¬ 
mory. 

By  Robert  zArnold. 
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MECHANICKS, 

AND  • 

TERSTECTIKE. 

Written  in  French  by  Mr.  O^JN  A  My 
ProfefTor  of  the  Mathernaticks  at  Paris. 

Donc  into  Engli[h^  and  Amended  in  Several  Places, 
by  J.  T.  'Defaguîiers  of  Harî-Hall^  0  XO  N. 
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OXFORD: 

Printed  by  L.  Lichfield,  for  John  Nichoifon  at  the  ^eensJrtns 
in  Little  Britain,  and  Sold  by  John  Morpher»  near  Stationer's 
Hall,  LONDON,  M  DCC  XIL 
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To  the  Right  Honourable 

Philip  Lord  Glammifs. 


My  LORD, 

TH  E  many  Favours  I  have 
receiv’d  from  Your  Lord- 
ship,  deferve  a  much  better 
Return  than  I  am  able  to  make  ; 
however  give  me  leave  to  hope, 
that  this  humble  Acknowledgment, 
fince  it  is  the  beft  I  can  offer, will  be 
accepted  as  a  fmall  Inftance  of  the 
great  Refpeél  and  Honour  I  have 
for  Your  Lordship’s  Perfon,  and 
of  the  juft  Senfe  I  retain  of  thofe 
Kindnefles  which  I  cannot  repay. 
For  indeed,  the  chief  Advantage  Î 
propofe  to  my  Self  by  the  Publi* 
cation  of  this  Book,  is  to  let  the 

World 
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World  know,  how  much  I  Hand  in¬ 
debted  to  Your  Lordship’s  Good- 
nefs. 

Your  early  Inclination  to  Ma¬ 
thematical  Studies,  and  the  con- 
liderable  Progrefs  You  have  made 
in  thofe  Sciences,  encourage  me  to 
think  that  a  Work  of  this  nature 
will  not  be  altogether  unwelcome 
to  Your  Perufal  :  And  as  Your 
Value  for  any  Part  of  Learning 
encreafes  in  proportion  tp  the  Ufe- 
fijinefs  of  it;  fo  I  thought  this 
Volume  the  fitteft  to  offer  Your 
Lordship  ;  becaufe  it  contains  the 
Practical  Part  of  Mathematichs , 
and  treats  of  the  Nature  of  thofe 
Things  which  Your  Strong  Reafon 
perceives  at  one  View,  without  the 
Tedioufnefs  of  a  Demonftration. 
Your  Lordship  has  already  been 
pleas’d  to  Countenance  my  Endea¬ 
vours,  towards  the  promoting  of 
Mathematical  Learning,  by  Ho¬ 
nouring  me  with  Your  Prefence 
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The  DedkaîîoîL 

a  t  a  Courfe  of  Natural  Experiments.^ 
and  with  a  Goodnefs  peculiar  to, 
great  Souls,  approving  and  recom¬ 
mending  my  poor  Performa  aces 
that  way*  r 

Did  Your  Lordship  want  the 
Merit  whichYou  are  known  to  have 
by  all  that  have  the  Honour  of  Your 
Acquaintance  ;  yet.  To  the  QfP 
fpring  of  an  Illuftrious  and  Truly 
Heroick  Family,  To  be  Ikfcended 
from  Ancient,  from  Honourable, 
from  Royal,  from  *  Roman  Blood, 
is  a  diftinguifliing  Advantage  pecu¬ 
liar  to  Your  Lordship’s  Name  :  Or 
if  You  were  deftitote  of  this  great 
Priviledge,  and  deriv’d  no  Honour 
from  the  Virtue  of  Your  Anceftors; 
fuch  is  Your  Lordship’s  Perfonal. 
Merit,  as  might  juftly  be  efteem’d 
Equal  to  the  moft  Noble  Pedi¬ 
gree. 


Collie  r'i  D  'tBionary  tender 
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> 

But  why  do  I  pretend  to  offer  at 
Your  Lordship’s  Charaéler  any 
farther  than  relates  to  my  own  Ob¬ 
ligations  ?  I  muft  Içave  that  Task 
to  the  Management  of  more  Skil¬ 
ful  Writers^  who  can  never  want 
a  fit  Subjed:  for  their  Pens,  while 
'  Your  Lordship  continues,  as  You 
have  hitherto  done,  to  adorn  Your 
high  Quality  with  Candour,  Learn¬ 
ing,  and  Virtue,  the  proper  Graces 
and  Ornaments  of  True  Nobility. 
I  am, 

f 

M/  LORD, 

Lordship’s 
Moit  Humble  and 
Obedient  Servant, 


J.  T.  Desagulier§. 


THE 


PREFACE. 
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TH  E  greatefl  part  of  the  Lovers  of  Ma- 
thematicks  arc  won  to  that  Science  by 
its  fenfible  Beauties  only,  they  are 
taken  by  the  Wonders  that  it  works, 
and  delighted  with  its  admirable  Thtenomem  ; 
They  are  willing  to  know  what  they  have  admir’d, 
to  perform  thofe  Things  which  at  firfl  they  couy 
not  account  for  ;  and  take  pleafure  in  furprizing 
/Others,  as  themfelves  have  been  furpriz’d.  Me^ 
chanicks  and  TerjpeBive^  which  chiefly  refpeél 
Senfiblc  Objets,  and  enter,  as  it  were»  into  the 
very  Secrets  of  Nature,  may  be  look’d  upon  as  the 
Fruits  of  the  Study  of  the  other  parts  of  Mathe- 
maticks  ;  and  if  the  Courfe  of  this  Science  may 
be  compar’d  to  that  of  the  Year,  this  Volume  miift 
be  look’d  upon  as  the  Autumn^  by  reafon  of  the 
Fruits  that  it  offers,  and  the  Pleafures  that  it  gives; 
whilft  the  others  are  look’d  upon  as  thofe  fevere 
Seafons,  which  we  go  thro’  with  uneafinefs. 

To  obferve  the  natural  Order  of  Sciences,  we 
cannot  but  treat  of  Mechankks^  juft  after  we  have 
taken  notice  of  the  Meafiires  and  Proportions  to 
be  obferv’d  in  Forùjicatïom.  We  ' (hou ’d  in  vain 
draw  the  moft  juft  Plan,  if  we  did  not  put  in  Exe¬ 
cution  the  Defign  which  we  have  form’d  ;  And  it  is 
not  enough  for  the  Mind  to  conceive  the  moft  exa<ff: 
Figures,  and  to  exprefs  them  by  a  Dranght^upon 
the  Ground,  unlefs  the  Force  of  the  Body  be  em¬ 
ploy’d  to  build  according  to  that  Draught.  Our 

Art 
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Artis  not  Magica],  it  cannot  command  Spirits  Bj 
Words  and  Figures,  it  aéls  only  upon  Bodies  ;  we 
mull  make  life  of  wl>at  is  Material^  Hard,  and 
Heavy,  to  refill:  when  we  are  attack'd,  or  attack 
when  we  have  a  right  fo  to  do,  in  order  to  main¬ 
tain  the  Authority  of  Princes,  to  whom  Gpd  has 
given  the  Power  to  do  themfelves  Juftice  by  the 
Force  of  Arms. 

The  Objeél  of  Mechanicks  is  whatfoever  is^ 
Heavy ^  Hard^  and  'Difficultly  mov'd  out  of  its 
place.  To  give  and  dire^i  Motion  belongs  to  Me¬ 
chanicks  ;  and  as  the  Effeds  of  this  Science  are 
vifible,  they  can  neither  be  cenfur’d  nor  look’d 
upon  as  Fables  or  vain  Imaginations,  as  was  the 
Harmony  of  ^mphion^  who  wasfaid  to  Build  Cities 
by  the  Power  ot  his  Song. 

Nothing  is  more  Plain  or  Simrple  than  the  Prin¬ 
ciples  of  Mechanicks;  the  Firil  of  its  Engines  is 
^.’'Leaver’y  or  mere  Staff,  which  being  applied  to 
the  greatefl:  Burthens,  and  help’d  in  a  fit  Place  by 
ever  fo  weak  a  Power,  will  by  means  of  that  fmall 
Power  (hake  the  whole  Mafs,  and  raife  it  in  fpight 
of  all  its  refinance.  This  Management  of  Force 
is  what  I  fliall  treat  of  in  the  Firft  Part  of  this^ 
Fourth  Volume,  and  it  is  the  whole  Secret  of  Me¬ 
chanicks  ;  a  Science  which  ought  not  to  be  lefâ 
efteem’d  by  rcafon  of  this  Name,  which  Ufe  haS; 
given  to  thofe  Arts  which  Neceffity  has  made  Va¬ 
luable,  and  which  are  often  more  Ingenious  thaa 
fuch  as  have  only  Pleafure  for  their  Objed. 

To  Mechanicks  we  owe  the  Invention  of 
Watches,  or  Clocks  with  Wheels,  and  the  new 
Difeoveries  that  have  been  made  concerning  the 
Ufe  of  the  Nerves  y  dMufcleSy  2CCià  Vefjelsy  the 
Wonderful  Circulation  of  the  Blood,  the  Motiots. 
of  Animal  Spirits,  and  the  Manner  of  the  Oper¬ 
ation  of  the  Senies;  all  which  things  haye  been 
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made  fo  plain,  that  the  Animate  Body  has  been  ac¬ 
knowledg’d  to  be  only  an  Automaton  or  Mechanical 
Engine.  The  New  Phyficians  brought  up  in  Ma¬ 
thematical  Schools  have  gone  greater  Lengths, 
and  by  the  help  of  Optical  Inftruments,  have  dif- 
cover’d  the  Springs  of  Living  Machines,  abridg’d 
and  folded  up  in  their  Seeds,  whofe  Encreafe  is 
caus’d  by  Heat,  which  extends  the  Parts  according 
to  the  Laws  of  Motion.  * 

If  we  look  into  other  Arts,  we  Ihall  find  them 
indebted  to  Mechanicks  for  their  Chief  Beauties  : 
Tainting.,  for  Example,  has  borrow’d  from  Me¬ 
chanicks  the  Proportion  of  the  Attitudes  or  Po- 
ftures  w^ich  it  gives  to  Animals  ;  and  by  the  Laws 
of  this  Science,  Natural  fhilojophy  the 

Syflems  of  the  Motion  of  Celellial  Bodies,  the  Im- 
poffibility  of  the  Meeting  of  Epicurus's  Atoms, 
the  wonderful  Experiments  of  the  Loadftone,  and 
the  Effets  which  are  produc’d  in  a  Nacuum* 

Such  as  wou’d  defpife  TerfpeBive^  which  is  the 
Second  Part  of  this  Volume,  might  fay  that  it  has 
been  only  invented  for  the  Pleafure  of  the  Sight, 
a  Pleafure  fo  much  the  more  blameable  as  it  is  ac¬ 
companied  with  Error,  upon  which  it  fo  much  de¬ 
pends,  that  a  Piece  of  Perfpeétive  cannot  be  well 
drawn  urilefs  it  deceives  ;  for  if  it  difeovers  the 
Truth  it  is  reckon’d  Courfe,  and  fo  ill-done,  as 
not  to  bear  looking  at.  The  Two  Painters,  one 
of  which  deceiv’d  the  Birds,  and  the  other  his  Ad- 
verfary,  wou’d  have  been  but  little  efteem’d,  if 
they  had  expos’d  the  Truth  ;  tha*t  is,  if  the  Firfl 
had  expos’d  to  Sight  true  Grapes,  and  if  the  Se¬ 
cond  had  cover’d  his  Piélare  with  a  true  Curtain  ; 
but  becaufe  they  took  advantage  from  the  Preju¬ 
dice  of  Men  and  Brutes,  the  Memory  of  their 
Works  has  been  tranfmitted  to  Pofierity.  They’ll 
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fay,  can  Perfpeilive  be  call’d  an  Art,  fince  it  Works 
only  upon  iError,  which  is  its  Matter  as  well  as  its 
End  ?  After  this  rate  Drunkennefs  and  Folly  might 
be  honour’d,  whofe  Vifions  are  yet  more  deceitful  ; 
and  Potions  might  be  efteem’d,  which  caiife  fuch 
Dreams  as  he  defigns  who  mixes  the  Ingredients  for 
that  purpofe.  Laftly,  they’ll  fay,  that  they  don’t 
fee  what  Perfpeâive  is  good  for,  except  mere  Plea« 
fure,  and  fometimes  a  blameable  Diverfion  ;  fince 
Mountebanks  make  ufe  of  it  to  abufe  therCredulous, 
and  make  Magical  Superflitions  eftcem’d. 

It  is  true,  that  Pleafure  is  one  of  the  Ends  of 
Perfpedive,  apd  I  fhou’d  be  forry  that  it  ihou^ 
want  that  Charm  which  makes  it  fo  valuable  ;  but 
having  Charms,  and  flattering  a  Senfe,  which 
feems  only  given  us  for  innocent  Pleafures,  cannot 
make  it  criminal.  The  Trofpefi  of  the  Unive/fe 
feen  at  any  Time,  and  in  any  Place,  is  an  admirable 
Piece  of  Perfpeélive,  which  God  has  created  tq 
divert  the  Eyes,  and  reprefent  part  of  his  Great- 
nefs  in  the  beautiful  Difpofition  of  Vifible  Obje6i:s  ; 
All  the  Rules  of  Perfpeâive  are  obfery’d  m  it, 
the  Diftances  are  exprefs’d  by  the  mofl  confus’d 
or  Aerial  Colours,  as  they  call  ’em,  and  by  the 
Magnitude  of  the  Objefts,  which  decreafes  as  they 
are  farther  off,  or  feen  under  lefs  Angles.  Thefe 
are  the  Meahires  ^and  Proportions  which  Per- 
fpeélive  {Indies,  imitates  and  obferves.  It  cannot 
be  juftly  blam’d,  fince  it  may  alledge  in  its  Defence, 
that  it  is  an  Imitation  of  the  Trototype^  or  Ori¬ 
ginal,  which  is  drawn  by  God  Almighty. 

Who,  from  a  very  high  and  dillani  Place,  wou’d 
not  imagine  Men  to  be  no  higher  than  Dwarfs,  and 
Horfes  no  bigger  than  Sheep?  Who  wou’d  not  fup- 
pofe  all  Colours  to  be  Brown,  when  feen  from  a 
Place  to  which  their  Force  cannot  reach,  fo  as  to 
make  ’em  diftinguifliable  ?  Thefe  are  not  Errors, 
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but  Ncceffities  impos’d  by  the  Laws  of  Natures 
We  can  only  fèe  by  the  help  of  Light  ;  and  Light 
is  communicated  by  Rays  or  Right-lines,  which 
cannot  be  Parallel,  or  keep  the  fame  Diftance  frora 
one  another  ;  becaufe  as  they  are  means  of  Sight, 
they  muft  meet  in  Points  in  Men’s  Eyes,  and  there 
paint  the  Objefts,  and  form  Vifual  Angles,  whofe 
Aperture  makes  us  judge  of  the  Greatnefs  or 
Smallnefs  of  Objeâs,  according  as  that  Aperture 
is  greater  or  lefs. 

Perrpe(51ive  then  does  not  caufe  Error ^  but  imi¬ 
tates  Truths  which  makes  us  every  where  Senfible 
of  our  Weaknefs.  It  fuppofes  our  Sight  apt  to 
lofe  the  Diiflin£lion  of  Objeéès,  as  they  are  more 
diftant  from  us  ;  and  if  it  reprefents  that  Weak¬ 
nefs,  it  is  a  Truth  and  not  an  Error.  The  Fallacy 
of  Dreams  is  not  to  be  compar’d  with  the  Beauties 
of  Perfpeélive,  becaufe  thofe  Dreams  have  no 
Rules  ;  but  Perfpeftive  has  mod  certain  and  inva¬ 
riable  oi\es;  Dreams  only  diflurb  and  deceive, 
whereas  Perfpeélive  fludies  Diftinilion  and  ob- 
ferves  it  exadly,  to  mark  Lengths  and  Dillances, 
and  hinder  us  from  believing  that  all  that  we  fee 
is  equally  near  to,  or  difhnt  from  us. 

To  do  Perfpeâive  juflice,  we  ought  to  fay  that 
its  true  End  is  to  difcover  Error  and  correct  it,  by 
Ihewing  that  the  different  Reprefentation  of  Ob- 
jeâs  are  founded  upon  certain  Rules  of  Nature, 
and  that  whatever  furprizes  fuch  Men  as  are  cu¬ 
rious  of  extraordinary  things,  has  nothing  Super¬ 
natural  -,  that  the  mod  furprizing  Sights  depeiid 
upon  the  Obfervation  of  Certain  Meafures  ;  and 
that  the  meanedof  Men  may  perform,  by  help  of 
the  Rules  of  this  Science,  all  that  Jugglers  at¬ 
tribute  to  Art-Magick,  and  pretend  to  dp  by  the 
Aflidance  of  Infernal  Spirits. 

Such 
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,  Such  Reprefentations  as  have  been  publickly 
{hewn,  where  Artifts  have  play’d  #the  Conjurers 
with  Tricks  of  Perfpeélive,  have  more  undeceiv’d 
the  Vulgar  and  cur’d  ’em  of  their  foolifh  Eager- 
nefs  to  believe  extraordinary  Things,  than  what 
ever  Means  the  Government  cou’d  have  us’d  to 
deflroy  fo  pernicious  a  Curiofity, 

I  (hall  not  here  treat  of  that  Part  of  Perfpeélive 
which  coufiders  Colours,  neither  ftiall  I  give  an 
account  of  thofe  Tricks  of  "Dioptricks  and  Cat  op- 
tricks  which  are  only  to  divert  the  Eyes,  and  fhew 
the  admirable  Variations  of  Colours  and  Appear- 
ances  :  Such  curious  Performances  are  to  be  met 
with  in  my  Mathematical  Recreations.  I  (hall  only 
Speak  here  of  the  Trinciples  ofTeYfpeBivc\2iïià  the 
certain  Rules  which  it  has  eflablifh’d  to  difcern 
the  Effeils  of  the  Diflances,  and  to  take  the 
Heights  and  Shortnings  of  near  or  diftant  Obje61s  ^ 
to  teach  Painters  the  Perfedion  of  their  Art,  the 
Height  and  Meafures  of  the  Figures,  inward  Parts 
of  a  Building,  and  Pieces  of  Architeâifre  ;  what 
Heights  mull:  be  given  to  Statues,  and  what  Slope 
to  Roofs  ;  and  the  Angle  for  the  Point  of  Sight, 
that  all  may  appear  in  its  Proportion  :  To  teach 
Architects  and  Engineers  how  to  reprefent  their 
Deligns  in  a  little  Compafs,  by  raifing  one  part  of 
their  Draughts  and  leaving  the  other  in  Plan:  And 
lallly,  to  give  Rules  to  Gold-Smiths,  Embroiderers, 
Enamellers,  Silk-Weavers,  Joyners,  Carvers  and 
Plaifterers,  and  all  fuch  as  are  any  ways  concern’d 
with  Drawing  or  Painting. 


fr 


To  the  READER. 

t 

HAmngin  fever  al places  render'd  the  French  Word 
Mouvement  [^Motion)  hy  the  EngUp^  IVord 
Vdacity,  we  thought  it  not  improper  to  give  here  the 
T>yiinBion  between  Velocity  and  Motion  ^  becaufe 
the  French  Author  has  con  founded  them,  the 
Mouvement  indifferently  for  both* 

Motion  (Local,  we  mean^  as  it  muft  be  under- 
flood  throughout  the  Whole  Boole)  is  that  Force  or 
Energy  by  which  a  Body  changes  its  place:  And 
Felocity  is  the  Space  which  a  Moving  Body  goes  thrd  pute  t. 
In  fitch  a  determinate  Time  ;  as  ff or  Example^  if  the  Tig,  M. 
Body  E  moves  4  Inches  downwards  in  One  Second 
cf  Time  y  and  the  Body  D  moves  2  Inches  upwards 
in  the  fame  Time  ;  E  wid  have  Four  Degrees  ofFe- 
locilfy  and  D  Two.  Now  the  ^^antity  of  Motion 
in  a  Body  is  found  by  multiplying  the  Weight  md 
the  Velocity  into  one  another  ;  as  if  E  Jhodd  weigh 
Two  Founds  and  Z)  Four  ;  4  the  Velocity  of  E^  MuU 
•  tiplied  by  a  its  W fight,  will  give  8  for  the  Degrees 
or  ^antity  of  Motion  in  E  ;  and  x  the  Velocity  of 
Z>,  multiplied  by  4  its  Weight,  will  Hkywife  grue  S 
for  the  ^mtity  ojf  Motion  in  D. 


An 


An  Explanation  of  the  Charaflers; 

+  Signifies  Plus  or  more.  Sig.  Lefs.  =  Sîg.  Equal  Co 
:  :  :  r:  Sig.  Proportion,  as  thus  : 

A  :  B  :  ;  C  ;  D.  Sig.  As  A  is  to  B,  fo  C  is  to  D.  §1.  E.  D, 
Sig.  ^od  erat  demonjirandum  ;  or,  Which  was  to^be  demon- 
firated.  §l^E.  I.  Ô*  E>.  §lued  erat  inmtniendum  demonfiran^» 
dum  ;  or,  Which  was  to  be  found  out  and  demonftrated. 


, .  E  R  R  A  T  A  in  the  Mechanicks^ 

PAGE  <53.  for  Square  Squares.  Pag.  118.  Over-againft  lin*' 

*  40*  read  in  the  Margin  Fig.  90.  Pag.  1 22.  Qver-againft  lin,  33.  read  in 
the  Margin  Plate  20.  Fig.  98.  Pag.  155.  Ovcr-againfl:  lin.  39.  read  in  the 
Margin  P/rfte  23.  Fig.  122,  Pag.  173.  Over-againft  lin.  i©.  read  F/g.  1 36. 
Pag. 180. lin.  4,1.  infteadof  caufe^  r.  becaufe.  Pag.i83.infteadof  25. 
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Of  the  Balance. 


Proposition  i.  Theorem,  if^wo  ^mights,, 

tied  to  the  Ends  of  a  Horizontal  Balance.^  are  fo 
one  another  reciprocally  as  their  difiance  from  Ihe 
fix^d  T  oint  y  they  Jball  hang  i/i?  Æ  qui  li  brio.  15' 

PROP.  IL  Theor.  If  a  Balance  having  its  Center  of 
Motion  above  and  at  e-achend  a  fVeigbt  equally  di« 
ft  ant  from  the  fix  d  Pointy  is  in  a  horizontal  Bofi- 
tion,  it  will  remain  in  that  Situation;  hut  if  its  Po'', 
fition  he  alter  d  hy  inclining  it  on  either  fide^  it  will 
teturn  to  its  fir  ft  Situation .  ï  7 
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PROP.  ïli.  Theor«  If  a  Bahncf.  having  its  Center 
§f  Médion  be  kw^  and  at  each  end  equal  Weights 
eqmllf  dîfanî  frmn  the  fix'd  Pointy  ts  in  a  horizm- 
tal  F&fiimn^  it  n^mll  remain  in  it  :  But  if  it  be  in- 
\ximdever  Utile  on  either  fide-,  it  will  continue 
tmve  €n  that  fide  till  it  has  acquir'd  a  To  fit  ion 
perpendicular  to  the  Horizon.  1 8 

PRO  P.  ProbL  Knowing  the  W fight  of  Two  heavy 

Bodies  applf  d  to  the  ends  of  a  Balance  of  a  known 
■  ifjîgîh^  f&  firid  upon  that  Baimce  the  comt^on  Cen- 
ter  of  Mêtiôm.  •  .  .  ■  '  .20 

FROP<  V.  VtcM.  Knowing  the  Length  and  Weight  of 
T  if  Biihuce  which  has  at  one  of  its  ends  a.Body  of 
j  kmwu  Weighty  to  find  the  fix'd  Pointy  about  which 
r;  the  Weight  of  the  Balance  and  the  Weight  of  the 
Bodg  fiàli remain  in  Æqiùlibrio.  ;  zi 

PROPvV  I-  Probi.  Several  Bodies  of  fnownW fight  be- 
-ing-applfd-ftta  Bahme-^fv-findupori  that  Balance 
the  common  Ce  nier  of  Gravity  of  all  tbofe  Bodies,  zz 
PROP.  YiL.  Probi.  Two  B-od%ejphfiig  given)  the  hea- 
vkfi  of  which  hangs  at  one  of  the  ends  of  a  Balance 
of  known  Jjehglh  and  W^ighpfandgivttlfipfdToinf  't 
to  hang  that  of  leaji  Weight  in  fuch  manner  y  that 
being  ajjifed  by  the  Weight  of  the  Balance  ^  it  may 
keep  the  keaviejt  Body  in  Æquilibrio  about  the 
fiBd  Point.  2  g 

PROP.  ¥IÏL  Probi.  To  make  a  Deceitful  Balance^ 
which  being  Empty  ^  and  alfo  being  laden  with  un¬ 
equal  Weights^  fiull remam  in f Æquiiibrio.  2 5^ 
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no  POSITION  I.  Tfieor.  If  a  To-wen,  'wbeje 


.  Line  GfDireMion-is-perperfijctilar  to  a  Lyyver  pa¬ 
rallel  to  the  f/orizon..  bears-  up  a  Weight  hy-  the 
means  of  that  Leaver^  the  Ratio  of  that  Tower 
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will  he  to  the  JV 'Eighty  as  the  Ratio  o/' the  Weighfs 
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PROP.  III.  Theor.  jls  much  as  the  Power  gains  in 
Force,^  as  it  moves  a  Body  with  a  Leaver ^  fo  much 
it  lojeth  in  Time  and  Space.  • 3  0 

PROP.  iV.  Theor.  If  a  Power  whole  Line  of  Di- 
reBion  is  perpendicular  to  a  Leaver,,  hears  up  by 
means  of  that  Leaver  a  IVeight,  whofe  Center  of 
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^Gravity  is  below  the  Leaver,  it  mujl  be  lefs  to 
typL^yuiponderate  when  the  Leaver  is  Horizontal 
than  when  it  is  Inclin' d ^and the  IVeight  rais'd, and 
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CHAPTER  in. 

Of  the  Pulley.  3  ^ 


Proposition  I.  Thtox.  men  a  Powerfufiains 

^  or  draws  a  IVeight  by  means  of  fever al  Pulleys, 
Each  Pulley  over  which  the  Rope  goes,  is  equivalent 
to  a  Leaver  of  the  firB  Kind,  and  Each  Pulley  uru 
der  which  the  Rope  goes,  is  equivalent  to  a  Leaver 
V.  the  fécond  Kind.  3^ 
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Of  the  Free  Defcent  of  Heavy  Bodies.  y 7 

Proposition  I.  Probl.  The  space  which  a  heavy 
Body' goes  thro  in  a  "Determinate  1  ime  being 
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Of  the  Defcent  of  Heavy. Bodies  upon  Inclin’d 

Plains.  96 


Proposition  L  Theor.  if  a  power  fujlains  a 
Spherical  IVeight,  that  endeavours  to  roll  along, 
an  Iriclind  Plain  whofe  Bafe  is  parallel  to  the  Ho¬ 
rizon,^  by  a  Line  of  ilireliion,,  which  pajjing  thro 
^  the  Center  of  Gravity,  of  the  IF light  is  parallel  to 
the  Hypotenufe  of  the  Re B angular  Triangle,^  which 
determines  the  Inclination  of  the  Plain;  That 
Power:  veill  be  to  the  IF  eight  which  preffes  the 
Plain  :  :  as  the  Height  of  the  ReB angular'  Trian- 
gle:  is  to  the  Hypotenufe.  (5p 

PROP.  If.  Theor.  If  a  Power  fufiains  a  Spherical 
IF eighty  that  endeavours  to  roll  along  an  Inclin'd 
T  lain  y  whofe  Bafe  is  parallel  to  the  Horizon  y  by 
a  Line  of  DireBimy  which  being  parallel  to  that 
Bafcy  goes  thro'  the  Center  of  Gravity  of  the  faid 
IFeight  ;  the,  Power  :  will  be  to  the  IFeight::  as 
the  Height  of  the  Inclin'd  Plain:  to  the  Length 
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■  xullej  io  îhe  Fkn^'^  7  they  wil!  he  iù  owe  mBtfmj 
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another  as  tJoe^  Length  of  one  of  îhofe  Inclind 
Thins  is  to  the  Length  of  the  other,  If 

P  R  O  P.  V'.  T  h  e  o  r .  If  the  y#/ ointe  ^ ?igbi  §f  ^  Body 
as  it  lies  upon  an  ImlmdThm^  is  t&  shat  &f  art^ 

.  ether  Body  that  falls  Perpendicular Iy\  m  ike  Height 
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Theor.  III.  If  two  Tubes  of  unequal  Bignefs  com¬ 
municate  by  means  of  a  third  lube  paraUel  to  the 
Horizon  ;  the  Liquor  pour'd  into  one  of  'em,  will 
rije  up  to  a  Level  in  the  other  Tube,  iqq 
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Heights  proportionable  to  their  Specifick  Gravities 
when  their  relative  IVeights  come  to  he  equal. 
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TREATISE 

O  F 

MECHANICKS. 

H  y!N  IC  K  S  afe  a  Science  that 
teaches  to  move  heavy  Bodies  with 
eafe  and  conveniency,  by  the  means 
of  Engines;  whence  it. has  alfo  the 
Name  of  Moving  Powers.  It  is  call’d 
alfo  in  French^  Ingenieufe,  bccaufe  ic 
Wittily  contrives  Ingenious  Ma« 
chines;  fome  of  which  Move  of  them® 
felves,  Run,  Jump,  and  Fly;  and 
others  raife  and  carry  prodigious  Bur¬ 
thens,  and  have  ftrange  and  furprizing  Effects.  It  is  alfo  call’d 
Staticks ,  becaufe  it  examines,  not  only  the  Properties  of 
Weight,  and  Local  Motion  ;  but  alfo  the  Centers  of  Gravity, 
the  Æt^uilibriumy  and  the  Defcent  of  Natural  Bodies, 

Nevcrthelefs  we  fhall  here  conlider  Staticks  as  a  part  of  Me^ 
chanicks^  which  we  fhall  divide  into  Two  Books;  the  Fir  ft 
lhall  treat  of  Simple  and  Compound  Engines  ,  and  the  Second 
oÇ Staticks.  We  fhall  add  a  Third  Book,  which  will  give 
the  Principles  of  Hydrofiaticks. 

DEFINITIONS. 

I. 

Motion,  In  General,  is  the  change  of  a  Thing;  and  when 
that  change  is  made  in  the  fubftance  of  the  Thing,  it 
is  call’d  Generation^  or  Corruption^  which  belongs  to  Phylicks  % 
But  when  it  happens  to  the  quantity  of  the  Thing,  it  is  call’d 
Encreafe,  or  Diminution^  which  belongs  to  Geometry  :  And 
laftJy,  when  it  is  made  in  refpeffco  Place,  ï%ï%  çûïà  Local 

A  Motion^ 
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Motion^  which  belongs  to  Mechanicks;  and  which  confc- 
quently  we  fhall  in  a  particular  manner  confidcr  here.  Thus 
we  fliall  fay,  that  Local  Motion  is  the  change  of  Place,  or  the 
continual  PalTage  of  one  Body  that  moves  from  one  Place  to 
another,  whether  in  the  Whole,  or  only  in  its  Parts;  that  Motion 
may  be  Equals  which  is  that  by  which  the  Mobile^  or  a  Body 
which  moves,  goes  thro’ Equal  Spaces  in  Equal  Times;  as 
the  motion  of  Celeftial  Bodies,  which  being  Circular,  ought 
to  receive  no  alteration,  becaufe  it  is  made  round  a  Center, 
which  is  equally  diftant;  And  Unequal,  that  which  en- 
creaieth  continually,  when  it  is  not  interrupted,  as  the  Mo¬ 
tion  of  Terreftrial  Bodies;  which  is  not  Uniform,  when 
they  fall  freely  towards  the  Center  of  the  Earth,  as  Expe¬ 
rience  Ihews  every  Day. 

GaliUus  calls  that  Unequal  Motion,  which  is  the  Natural 
Motion  of  heavy  Bodies,  a  Motion  uniformly  accelerated  ;  be- 
caufe  Experience  fliew’d  him  that  the  Body,  which  moves 
by  falling  freely  downward,  acquires  in  Equal  Times  from 
its  firft  falling,  Equal  Degrees  of  Velocity  ;  that  is  to  fay,  that 
'  dividing  the  time  it  takes  up  in  falling,  into  equal  parts, 
which  we  lhall  call  Moments,  the  Velocity  of  the  Mobile ,  or 
moving  Body,  at  the  fécond  Moment  is  double  of  what  it 
was  the  firft,  which  is  reckon’d  from  the  beginning  of  its 
fall;  and  that  likewife  the  Velocity,  which  it  acquires  the 
third  Moment,  is  Triple  of  that  which  it  had  the  firft,  and 
the  Velocity  of  the  fourth  Moment  Four  Times  that  of  the 
firft,  and  fo  on  ;  which  agrees  exactly  wnth  the  Experiments 
that  have  been  made. 

Whence  irfollow’s,  that  the  Spaces  which  the  moving  Body 
has  gone  thro’,  are  in  a  duplicate  Ratio,  or  as  the  Squares 
of  the  Moments,  and  of  the  Velocities,  becaufe  the  Moments 
and  Velocities  are  fuppos’d  to  encreafe  equally;  and  that 
the  Spaces  which  are  gone  through,  are  in  a  Ratio  made  up 
of  that  of  the  Moments,  and  that  of  the  Velocities;  That  is, 
that  if  a  heavy  Body  is,  for  Example,  lo  Minutes  a  falling, 
and  that  the  firft  Minute  (which  we  call  a  Moment)  the 
Body  defeends  a  League,  the  fécond  Minute  it  will  have  de- 
feended  Four  Leagues  ;  and  the  third  Nine  Leagues,  andfo 
on,  counting  from  the  point  of  reft  according  to  the  Squares 
of  the  Natural  Numbers,  i,  4,  9,  i6,  aj,  fo  that  at  the 
tenth  Minute  the  Space  that  it  fhall  have  gone  thro’  will 
be  of  an  Hundred  Leagues. 

Whence  one  may  eafily  conclude,  that  each  Moment,  or 
Minute,  the  Spaces  gone  thro’,  grow  one  above  another, 
according  to  the  Series  of  the  uneven  Numbers  3,  5, 7, 9,  &c, 
which  are  the  differences  of  the  Squares  i,  4, 9,  t6, 25,  &c. 
fo  that  if  a  Body  defeends  O/ie  League  the  firft  Minute,  from 
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the  firft  to  the  fécond  Minuté  it  will  have  defccnded  Three  ^ 
Leagues,  or  Three  times  as  far  as  it  did  the  firfts  And  the  ^ 

Space  which  it  will  go  thro*  from  the  fécond  to  the  third, 
will  be  of  Five  Leagues,  or  Five  times  as  far  as  it  defcended 
-  the  firft,  &c, 

Becaufe,  (hy  the  Fourth  Proportion  of  the  Sixth  Book  o/Euclid) 
fimilar  Triangles  arc  to  one  another  as  the  Squares  of  their 
homologous  udes,  one  may  confider  the  Spaces  gone  thro® 
in  equal  Moments  as  fimilar  Triangles,  and  the  Moments 
and  Velocities  as  the  homologous  fides  of  thofe  Triangles. 

This  will  be  better  underftood  by  the  Triangle  ABC,  which 
we  take  for  the  Space  gone  thro’  by  the  moving  Body; 
which,  for  Example,  has  fallen  in  Four  Minutes,  whofe 
Meafure  fhall  be  the  fide  AB,  the  bafe  BC  reprefenting  the 
Velocity,  which  the  Body  has  acquir’d  in  falling. 

îf  you  divide  the  Time  AB,  and  the  Velocity  BC,  each 
into  Four  equal  parts,  becaufe  the  time  of  the  fall  has  been 
fuppos’d  of  Four  Minutes,  each  of  thofe  parts  AD,DE,EF. 

FB,  of  the  line  AB,  will  reprefent  One  Minute,  or  One  Mo® 
ment,  and  each  of  the  parts  BG,  GH,HI,  IC,  of  the  line  Btl 
will  reprefent  One  Degree  of  Velocity,  becaufe  we  have  fup® 
pos’d  that  the  Velocities  and  the  Moments  encreafe  continu¬ 
ally  in  the  fame  Proportion.  If  you  join  the  points  of  di« 
vifion  of  the  Two  fides  AB, BC,  bylines  parallel  to  the 
third  fide  AC,  and  that  by  the  fame  points  of  divifion,  pa¬ 
rallel  lines  be  drawn  to  the  Two  faid  fides  AB,  and  BC,  the 
Triangle  ABC,  will  be  divided  into  Sixteen  little  Triangles, 
equal  to  one  another,  and  fimilar  to  ABC, 

After  this  Conftruftion  and  the  Suppofition  that  we  have 
made,  it  will  be  eafily  known  that  the  line  AD  reprefenting 
the  firfi  Moment  of  the  fall  of  a  Body,  the  line  DM,  or 
BG  its  equal,  will  reprefent  the  Velocity  acquir’d  by  a  Body 
falling  the  firft  Moment,  and  the  Triangle  ADM  will  repre¬ 
fent  the  Space,  which  that  Body  has  gone  thro*  with  One 
Degree  of  Velocity.  It  will  likewife  appear,  that  the  line  . 

AE  reprefenting  the  fécond  Moment  of  the  fall  of  the  faid 
Body,  the  line  EL,  or  BH  its  equal,  will  reprefent  the  Ve¬ 
locity  which  the  Body  has  acquir’d  in  falling  the  fécond  Mo¬ 
ment,  and  the  Triangle  AEL  will  reprefent  the  Space  that 
this  Body  has  gone  through,  with  Two  Degrees  of  Velocity, 
which  Space  AEL  is  Four  times  ^  much  as  the  firft  Space 
ADM,  &c. 

It 

^  Fibration  is  the  Circular  Motion  of  a  Body,  ufually  Sphe-  Fig, 
rîcaî,  as  B,  or  C,  which  is  call’d  Pendulum;  becaufe  it 
is  fuftended  by  m  Mcxible  Thread  AB,  or  AC,  which 
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Tlate  j  tothe  fixM  Point  A,  which  point  is'  call’d  the  Centrer 

Fig,  2*  reciprocal  Motion^  becaule  the  Pendulum  moves  about  that 
point  A  to  return  to  D  its  loweft.  point,  which  is  the  point 
of  reft,  when  it  has  been  taken  from  it;  moving  firft  on  one 
fide,  then  on  the  other  fide  of  that  point  D  by  Arches  of  a 
Circle,  as  BDC  ;  which  is  call’d  Jimple  Vibration,  when  the 
Weight  has  mov’d  from  B  to  C,  to  diftinguifh  it  from  row- 
pound  Vibration,  which  is  the  Arch  BDC  redoubled,  defcrib’d 
by  the  reciprocal  Motion  of  the  Weight,  when  from  B  it 
has  mov’d  to  C,  and  from  C  it  has  gone  back  almoft  to  the 
fame  Point  B,  from  whence  its  Motion  began.  The  length 
AB,  OK  AC,  of  the  inflexible  Thread,  reckoning  it  from  A  the 
Center  of  Motion  to  the  Center  of  the  Pendulum,  is  call’d 
the  Length  of  the  Pendulum. 

All  the  Vibrations  of  the  fame  Pendulum,  whether  great  or 
fmalfare  perform’d  very  near  in  the  fame  fpace  of  Time,  that 
is,  a  Pendulum  is  about  as  long  a  coming  back  from  C  to  B, 
as  it  was  in  going  from  B  to  C.  But  the  Pendulums  of  diffe¬ 
rent  lengths  have  an  ünequal  number  of  Vibrations  in  an 
equal  time,  becaufe  a  longer  Pendulum  takes  up  more  time  in 
in  its  Vibrations  than  a  fhorter:  And  it  has  been  found  by 
feveral  Experiments,  as  we  have  already  faid  in  our  Geome¬ 
try,  that  the  lengths  of  Two  Pendulums  are  reciprocally  pro¬ 
portionable  to  the  fquares  of  the  numbers  of  theirVibrations 
in  an  equal  time  ;  that  is,  the  length  of  the  firft  Pendulum  is 
to  that  of  the  fécond,  as  the  fquare  of  the  number  of  the 
Vibrations  of  that  fécond  in  fuch  a  time,  is  to  the  fquare  of 
the  number  of  the  Vibrations  of  the  firft  in  the  fame  time. 

It  is  obferv’d  in  liquid  Bodies,  as  in  Water ,  that  they 
have  another  circular  Motion,  call’d  the  Motion  of  Undulation, 
which  happens  when  a  heavy  Body  is  thrown  into  the  Water, 
which  makes  the  parts  of  the  Water  turn  in  a  Circle  ;  and 
this  motion  is  call’d  Undulation, 

JIL 

Heavinefs,  which  is  alfo  call’d  Weight,  and  Gravity,  Is  the 
natural  Inclination  which  is  in  heavy  Bodies  to  move, 
when  they  are  not  born  up,  and  fall  towards  the  Center  of 
the  Earth;  which  for  that  reafbn  is  call’d  Centrum gravium, 
or  the  Center  of  heavy  BodieL. 

The  Specif  ck.  Gravity  of  a  Body,  Is  that  which  proceeds 
from  the  natural  denfity  of  the  parts  of  its  matter,  which 
makes  one  Body  weigh  more  than  another  of  the  fame  bulk. 
Thus  we  know  that  the  Spccifick  Gravity  of  Water  is  greater 
than  that  of  Oil,  that  the  Specifick  Gravity  of  Gold  is  greater 
than  that  of  Silver,  &c. 

But 


DEFINITIONS.  t 

But  the  i^bfolute  Weight  of  a  heavy  ’Body,  Is  the  force 
which  it  has  to  defcend  freely  in  a  fluid  Medium'^  when  it 
touches  nothing  elfe  but  the  parts  of  that  Medium-^  as  the 
abfolute  Weight  of  a  Stone  which  is  in  the  Air,  is  the  force 
which  it  has  to  defcend  freely,  when  it  touches  nothing  elfe 
but  the  parts  of  the  Air. 

Laflly,  we  call  the  Kelatin)e  Weight  of  a  heavy  Body,  which 
the  Latins  call  Momentum^  and  the  Greeks  the  Force 

which  fuch  a  Body  has  to  defcend  when  it  touches  fomething 
elfe  befides  the  parts  of  the  Medium^  as  when  it  bears  on  an 
inclin’d  Plain,  or  the  end  of  a  Leaver,  or  of  a  Balance  ;  where 
it  often  happens  that  the  Body  in  queftion  becomes  a  Counter- 
poife  to  a  greater  Weight,  as  it  is  nearer  or  farther  from  the 
Center  of  Motion  ;  and  this  is  call’d  Æquilibrium.  It  is 
plain,  that  the  Abfolute  is  greater  than  the  Relative  Gravity 
of  a  Body,  which  is  compounded  of  the  Abfolute  Gravity, 
and  the  diftance  from  the  fix’d  Point  ;  which  makes  the  Body 
aft  with  more  or  lefs  Facility,  according  as  'tis  more  or  lefs 
diftant  from  the  fix’d  Point. 

IV. 

A  is  whatever  can  move  a  heavy  Body,  w^hence  it 
is  alfo  call’d  the  Moving  Force,  Thus  Weight  is  a  Power 
in  reference  to  the  heavy  Body,  which  it  may  move  ;  and 
that  Power  is  call’d  Inanimate  Por&er,  to  diftinguifli  it  from 
jinimate  Pov^er,  w'hich  is  the  Power  of  an  Animal. 

We  make  an  eftimate  of  the  êluantity  of  a  Povoer,  by  the 
Quantity  of  the  Weight  of  the  Body  which  it  fuftains, 
drawing  it  or  pufhing  it  upwards  merely  in  the  fame  line  in 
which  it  endeavours  to  defcend.  Thus  we  may  fay,  that  a 
Power  is  double  ot  triple  another  Power,  when  it  does  fuflain 
twice  or  thrice  as  much  as  the  other  Power. 

V, 

'The  Center  of  Motion  o£  a  heavy  Body,  or  the  fix'd  Pointy 
which  the  Latins  call  Jnfa  or  Fulcrum  ,  and  the  Greeks 
or  Propping  Pointy  is  that  by  which  a  Body  is 

held,  and  about  which  it  may  be  mov’d.  This  Point  in  a 
Balance  is  that  which  it  hangs  by,  and  in  a  Leaver  that  where¬ 
on  the  Engine  refis. 
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•'  VI. 

The  QmH?  of  Gravity  of  a  heavy  Body,  is  a  Point  by 
which  a  Body  being  fufpended  ,  all  its  parts  ,  which  are 
about  that  Point,  will  balance  one  another,  and  recipro= 
cally  hinder  one  another  from  falling  ;  fo  that  it  will  remain 
in  any  given  pofition. 

It  is  evident,  that  the  Center  of  Gravity  wou’d  joyn  it  felf 
to  the  Centrum  Graviitm^  if  the  Body  cou’d  defeend  thither  ; 
and  that  that  Center  of  Gravity,  in  a  regular  and  homogeneous 
Body,  is  the  fame  with  its  Center  of  Magnitude^  which  is  à 
point  in  that  Body  as  far  diflant  as  it  can  be  from  all  its  ex¬ 
tremities. 

A  Body  is  caird  Homogeneous^  whofe  matter  is  uniform,  and 
every  where  of  the  fame  weight,  and  Heterogeneous ^  whofe 
matter  is  of  different  weight  in  different  parts.  It  is  plain, 
that  a  liquid  Body  has  of  it  felf  no  Center  of  Gravity,  be- 
caufe  its  parts  are  not  fix’d  to  one  another,  but  are  in  a  con-? 
tinual  motion,  as  Water,  and  whatever  is  call’d  Liquor. 

This  holds  in  Fluids,  tho’  a  fluid  Body  is  not  altogether 
the  fame  as  a  liquid  Body  ;  for  a  Liquid  Body  is  that  which 
being  in  fufficient  quantity  flows  continually,  and  fpreads  it  / 
felf  below  rhe  Air  till  its'upper  furface  is  level,  or  in  a  ho¬ 
rizontal  pofition  :  and  a  Fluid  is  fuch  a  Body  as  is  eafily  pafs’d 
thro\  and  whofe  feparated  parts  joyn  again  immediately,  as 
Air,  Flame,  Water,  Oil,  Mercury  and  other  Liquors. 

VIÎ. 

The  Line  of  DireBion  of  a  heavy  Body,  or  of  a  Power, 
Is  the  Right-line  in  which  that  Body,  or  that  Power  en» 
deavours  to  move.  In  a  heavy  Body,  ’fis  the  Right-line  in 
which  it  endeavours  to  defeend;  and  in  a  Power,  the  Right¬ 
line  by  which  that  Power  draws  or  puflies  a  Weight  to  fuftaih 
if,  or  move  it. 

'^tte  Î.  As  if  the  Weight  A  hanging  from  .the  point  B,  by  the 
«*  Thread  AB,  by  its  Weight  endeavours  to  defeend  along  the 
*  line  AB,  which  is  its  Line  of  Direftion  ;  but  if  the  Thread 
AB,  going  over  a  Pulley  B,  is  continu’d  towards  C,  where 
there  is  a  Power  which  hinders  the  Weight  A  from  defeend- 
ing,  by  drawing  it  in  the  line  BC,  that  line  BC  is  the  Line  of 
Direftion  of  the  Powerin  C,  ’’  ' 
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The  ^pplicatisn  of  a  Power  to  a  Leaver ,  îs‘  the  Angle  Fig.  4 
which  the  tine  of  Dire£tion  of  that  Power  makes  with  ‘ 
the  Leaver.  Let  AB  be  a  Leaver,  whofc  fix’d  Point  is  C,  and 
îec  a' Power  in  E  fuftain  the  Weight  D,  fufpendcd  at  the  end 
A,  by  the  Thread  AD,  in  fuch  manner  that  thq  Right-line  BE 
be  the  Line  ofDireftion  of  that  Power;  and  the  Angle  ABEj 
which  that  Line  of  Direftion  BE  makes  with  the  Leaver  AB, 

ÎS  the  Application  of  the  Power  to  that  Leaver  AB.  We 
jfhall  hereafter  demonftrate,  that  a  Power  being  applied  at 
right  Angles,  is  capable  of  a  greater  force  than  if  it  was  ap¬ 
plied  at  oblique  Angles  ;  becaufc  in  fuch  a  cafe  it  comes 
nearer  to  the  fix’d  Point,  as  you  will  fee  in  the  following 
Definition. 

ÏX. 

• 

The  diftance  of  a  Powers  or  of  a  Weight  ^  is  a  Line  drawn 
perpendicular  from  the  fix’d  Point  of  any  Engine  upon  the 
Line  of  Dirc£i:ion.  As  if  the  right-line  BE  be  the  Line  of 
Direftion  of  the  Power  at  E  ;  its  Perpendicular  CF,  which 
comes  from  C,  the  fix’d  Point  of  the  Leaver  AB,  will  be 
the  diftance  of  the  Power;  as  if  that  Power  was  in  F,  which 
difiance  wou’d  be  equal  to  the  line  BC,  if  the  Line  of 
Direftion  BE  was  Perpendicular  to  it.  Wherefore  the 
difiance  of  the  Weight  D,  whofe  Line  of  Diredion  AD,  is 
perpendicular  to  the  Leaver  AB,  will  be  the  part  AC,  as  if 
the  Weight  was  at  A. 

X. 

The  Center  of  Percujfon^  is  that  Point  by  which  a  Body 
in  its  Motion  firikes,  with  its  greateft  Energy,  another 
Body  which  oppofes  its  Motion.  ’Tis  evident  that  the 
Center  of  Percuffion  is  in  refpeft  to  the  Velocities,  what  the 

Center  of  Gravity  is  iarefpefi:  to  Weight. 

« 

SUPPOSITIONS, 

Î. 

ALthough  the  Superficies  of  the  Earth  be  Gibbous ,  or 
Convex,  yet  we  will  fuppofe  a  fmall  part  of  it  Plain, 
or  Flat  ;  beeaufe  our  Senfes  make  us  think  it  To,  and  that 
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Stippofinon  cannot  lead  us  intoError,  in  refpe^l  of  Engines, 
becaufe  of  the  fmall  Extent  of  even  the  greateft  Engine,  when 
compar’d  \yith  the  whole  Surface  of  the  Earth. 

n. 

When  heavy  Bodies  fall  freely ,  they  tend  to  the  Cen^ 
Gravium^  or  to  the  Center  of  the  Earth,  by  Right-lines 
perpendicular  to  its  Surface,  and  confequently  parallel  to 
one  another. 

This  Suppofition  is  a  confequence  from  the  foregoing  one, 
tho’in  ftriànefs  it  be  as  falfc  as  that,  it  being  certain  that 
.  Right-lines ,  which  meet  in  a  point ,  cannot  be  Parallel. 
Neverchelefs  there  is  no  danger  in  fuppofing  them  fuch,  be- 
caufe  the  Bodies  which  we  compare,  are  fo  near  one  another, 
and  the  concourfe  of  the  Lines  of  Direftion  fo  far  from  us, 
chat  they  may  pafs  for  Parallel  without  any  fenfibie  Er¬ 
ror. 

Whence  it  follows,  that  Two  oppofite  Walls  of  a  fquare 
Chamber,  exaflly  built  according  to  the  Rule  and  Plumb- 
line  are  parallel, ('tho’  in  a  Mathematical  ftriftnefs  one  may  fay, 
that  they  are  farther  diftant  at  the  top  than  at  bottom)  becaufe 
the  dif^rcncc  is  too  frnall  to  be  difcern’d  by  our  Senfes. 

III. 

The  Bodies  of  the  greateft  fpecifick  Gravity,  when  not 
hinder’d ,  Come  nearer  to  the  Earth,  than  thofe  whofe  fpe- 
cifick  Gravity  is  lefs.  So  we  fee  by  Experience ,  that 
Wood,  Oil,  Wax,  and  feveral  other  Bodies  that  are  of  a  lefs 
fpecifick  Gravity  than  Water,  fwim  upon  that  Water;  and 
if  by  force  they  arc  retain’d  at  the  bottom  of  the  Water, 
they  will  rife  again  above  the  fame  Water  as  foon  as  they 
are  left  at  liberty.  And  Bodies  of  a  greater  fpecifick  Gravity 
than  Water,  as  Scone,  and  Metals,  fink  to  thp  bottom  of 

ît. 

,IV. 

« 

All  the  parts  of  a  hard  Body  are  at  refi,  and  join’d  to 
one  another.  A  HW  Body  is  a  Body  that  cannot  be  eafily 
pafs’d  thro’  ,  and  whofe  parts  being  divided  when  if  is 
pafs’d  thro’  ,  do  not  come  together  again;  which  diftin- 
guifiies  it  from  a  Fluid,  as  Water  ,  which  is  eafily  pafs’d 
rhro’ ,  'and  whofe  parts  being  divided  (  as  with  a  Stick, 
for  Example)  immediately  join  again  when  you  take  out 
the  Stick. 


AXIOMS. 


The  weight  of  a  Body  bears  it  felf  upon  what-ever 
fuftains  it.  Experience  Ihews,  for  Example,  that  if  any 
one  bears  up  a  Bucket  of  Water  hanging  at  a  Rope ,  he 
feels  all  the  weight  of  the  Bucket,  the  Water,  and  all  the 
Rope  as  one  Weight:  And  that  whoever  holds  a  Stick  by  one 
end  bears  all  the  weight  of  that  Stick.  • 
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Though  all  the  Engines,  which  art  us’d  in  Mechanicks' 
to  raife  Bodies  of  a  vaft  Weight,  are  very  imperfe£i,  ic 
being  impoffible  to  give  *em  all  the  juftnefs  and  exaSnefs 
which  the  Theory  requires;  neverthelefs  we  fliall  in  the 
fequel,  fuppofe  ’em  without  Imperfection  ;  that  by  means  of 
that  Suppoficion  we  may  draw  juft  Confequences,  and  forefee 
well  enough  what  Engines  will  do,  by  Reafonings  drawn 
from  the  preceding  Suppofitions,  and  following  Axioms» 
So  that  we  fhall  fuppofe  Bodies  perfectly  Hard,  and  perfectly 
Smooth,  and  of  a  homogeneous  Matter:  Lines  perfectly 
Strcight,  without  Weight,  Thicknefs,  or  Flexibility,  unlefs 
when  we  make  exprefs  Mention  of  it:  Cords  extremely 
Pliable,  . 


AXIOMS. 

L 

The  Center  of  Gravity  is  an  indivifible  Point  ;  that  is,  a 
heavy  Body  cannot  have  Two  different  Centers  of 
Gravity  :  And  as  we  have  already  faid,  in  Regular  and  Homo¬ 
geneous  Heavy  Bodies ,  the  Center  of  Gravity  is  the  fame 
with  the  Center  of  Magnitude,  ( 

1 

II. 

The  different  Weights  of  Bodies  Homogeneous  and  of  the 
fame  Matter,  arc  to  one  another  as  the  Mafs  or  Solidity  of 
thofe  Bodies.  As  if  a  cubick  Foot  of  a  certain  homoge¬ 
neous  Matter  weighs,  for  Example,  One  Pound;  Two  cu¬ 
bick  Feet  of  the  fame  Matter  will  weigh  Two  Pounds. 

Hence  a  way  is  found  to  know  the  Weight  of  a  Flomo- 
geneous  Body  by  its  Solidity  known  in  cubick  Feet  or  Inches; 
or  its  Solidity  by  knowing  its  Weight  in  Pounds  or  Ounces, 

having 
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Iiavîng  once  found  out,  by  means  of  a  Balance,  the  Weight 
of  a  homogeneous  Body  of  the  fame  Matter  ;  and  its  Soli^ 
dity  by  Geometry  ;  After  which  the  Solidity  of  a  propos’d 
Body  of  known  Weight,  or  the  Weight  of  a  Body  of  known 
.Solidity,  may  be  cafily  found  by  the  Rule  of  Three  direO:. 

III. 

‘The  Weight  of  a  homogeneous  Body  is  equally  dlftributed 
In  all  its  parts  :  And  if  that  Weight  were  reduc’d  to  the  Cen¬ 
ter  of  Gravity  of  that  Body,  it  wou’d  Move  it  but  as  it  did 
before  ;  for  the  Center  of  Gravity  rules  all.  So  when  we  have 
faid,  that  heavy  Bodies  endeavour  to  defeend  in  Right-lines, 
cowards  the  Center  of  the  Earth;  this  is  to^be  underftood 
5n  refpeft  to  their  Centers  of  Gravity  ;  And  one  may  fay 
chat  the  Line  of  Direftion  of  a  Body  that  defoends  freely,  is 
â  Right-line  drawn  from  the  Centrum  Gravium  thro’  the  Cen¬ 
ser  of  Gravity  of  that  Body. 

» 

IV, 

A  heavy  Body  always  defeends  to  the  loweH:  place  that  it 
can  go,  when  it  does  not  meet  with  any  heavy  Body  that 
oppofes  its  defeent,  which  is  to  be  under  ft  ood  of  its  Center 
of  Gravity,  where  the  chief  endeavour  to  defeend  is  made'  ; 
fo  that  to  the  end  that  a  Body  may  Move,  its  Center  of  Gra¬ 
vity  muft  defeend;  otherwife  it  cannot  Move. 

Tldte  I.  So  one  may  fee  that  the  inclin’d  Body  ABCD,  which  is 
s*fet  upon  a  horizontal  Plain,  cannot  fall  towards  the  part  D, 
which  it  inclines  to,  becaufe  its  Center  of  Gravity  E  wou’d 
rife  ;  as  one  may  know  in  deferibing  from  the  point  A,  as 
Center,  the  Arch  EF,  which  is  the  fame,  as  E  the  Center 
of  Gravity,  wou’d  make  about  the  point  A,  if  the  Body 
ABCD  cou’d  fall  ;  becaufe  one  part  of  that  Arch  rifes  above 
the  point  E. 

But  one  may  fee  that  the  inclin’d  Body  ABCD,  which 
leans  upon  a  horizontal  Plain  ,  ought  of  neceftity  to  fall  to¬ 
wards  the  part  D,  to  which  it  inclines  ;  becaufe  its  Center 
of  Gravity  E  may  defeend  ;  as  it  will  appear  by  drawing,  as 
before,  from  the  point  A,  thro’  the  point  E  the  Arch  EF , 
which  is  the  fame  that  will  be  deferib’d  by  the  Center  of 
Gravity  E,  about  the  point  A,  when  the  Body  ABCD  lliall 
fall  ;  becaufe  all  the  points  of  that  Arch  fall  below  the  point 
E,  as  it  iseafy  to  demonftrate. 

So  that  one  may  fee,  that  to  have  a  Body  remain  firm  upon 
any  thing  that  fupports  it  and  is  not  inclin’d,  the  Line  of  Di- 
‘  '  reftion 
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re£tîon  mud  fall  necefTariîy  in  fame  pare  of  the  Fodt,  or  Bafe  p/-*-  » 
of  the  faid  Body;  which  will  of  nccefficy  fall  down,  if  its  Line  p;/  ^ 

.  of  Direflion  falls  any  where  out  of  that  Bafe,  as  in  the  Sixth 
Figure, 

Whence  it  follows,  that  by  how  much  lefs  the  Bafe  of  à 
Body  is,  even  tho’  it  fhou’d  not  be  inclin’d,  fo  much  more 
ealily  it  will  move  out  of  its  place  ;  becaufe  the  lead  Change  ' 
is  capable  to  make  the  Line  of  Direftion  go  out  of  its  Foot  s 
Which  is  the  rcafon  that  a  Bowl  rolls  eafily  upon  a  Plaifig 
and  that  a  Needle  can’t  ftand  upon  its  Point. 

It  follows  alfo,  that  the  wider  the  Bafe  of  a  Body  is,  the 
caficr  it  wdll  fupport  itfelf,  becaufe  then  the  Line  ofDireftiora 
can’t  go  out  of  the  Bafe  without  a  greater  Change.  No 
wonder  then,  that  inclin’d  Tow’rs,  as  that  of  Bolonia,  and 
that  of  the  EfcalierSf  which  feem  to  threaten  their  ruin,  don’t 
fall 

One  may  alfo  eafily  fee,  that  if  the  Plain,  which  fuftains  Fig,  7, 
the  Body  ABCD,  be  inclin’d,  that  Body  will  Slide  when  its 
Line  of  Direftion  does .  fall  into  any  part  of  its  Bafe  AD  : 

And  chat  it  will  Roll,  when  its  Line  of  Direftion  EG  fhall 
fall  out  of  the  faid  Bafe  AD,  as  it  will  happen  to  the  Body 
ABCD,  which  is  below  the  other  mark’d  with  the  fame 
Letters.  " 

Whence  it  follows  that  a  Bowl  fet  upon  an  inclin’d  Plairip 
as  the  Roof  of  a  Houfe,  will  roll  incclTantly  till  it  come  to 
the  lowed  place,  becaufe  its  Line  of  Direftion  not  being  per¬ 
pendicular  to  the  Plain,  fince  it  is  perpendicular  to  the  Ho° 
rizon,  cannot  pafs  thro’  its  Foot  where  it  touches  the  Plain, 
it  being  almod  an  indivifible  Point. 

We  naturally  obferve  this  Lnis}  of  Mechanicks  upon  all  occa« 
dons,  to  keep  our  felves  from  Falling;  as  when  we  have  Si 
mind  to  Rife  from  a  Seat,  we  bend  our  Bod,y  fo  as  the  Line 
of  Direftion  of  our  Bodies  may  pafs  thro’ our  Feet,  upon 
which  w  e  bear  our  felves  when  we  begin  to  rife. 

Painters  and  Carvers  ought  to  obferve  this  Law  ;  that  is, 
they  ought  not  to  give  their  Figures  fuch  Pofiures  as  they 
cannot  naturally  have. 

Other.  Animals  allb  naturally  obferve  the  fams  Law  to 
Stand,  and  keep  themfelves  from  Falling. 

It  follows  alfo  that  the  Body  B,  or  C,  which  hangs  from 
the  point  A,  will  remain  at  Red,  when  its  Lins  ofDireftion 
pades  thro’  that  point  A;  becaufe  it  will  be  at  the  lowed  place 
D,  from  whence  if  the  Body  he  remov’d,  it  wiH  come  back 
thither  by  its  own  Gravity, becaufe  then  its  Center  of  Gravity 
may  defeend  ;  but  it  won’t  dop  there  till  after  a  certain  num¬ 
ber  of  Vibrations  caus’d  by  the  Velocity  that  it  will  acquire 
in  endeavouring  to  go  to  ir^  which  will  caufc  it  to  go  beyond  • 

^  :  <  -  '  L .... 
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the  fald  Point  and  rife  again  by  a  'violent  Motion  '  that  is,  by  a 
Motion  which  is  given  it  contrary  to  its  Nature. 

What  we  have  faid  of  the  Center  of  Gravity  of  a  heavy  .o 
Body,  ought  alfo  to  be  underftood  of  the  common  Center  of 
‘Gravity  of  Two  heavy  Bodies,  which  is  the  point  of  a  Lea¬ 
ver,  or  of  a  Balance,  about  which  the  Two  Bodies  fatten’d 
to  that  Leaver,  or  that  Balance,-  remain  in  /Equilibrio  ;  be- 
caufe  thofc  Two  may  be  conttder’d  as  One  Weight,  whofc 
particular  Center  of  Gravity  is  the  fame  as  the  common  Cen¬ 
ter  of  Gravity  of  thofe  Two  feparate  Bodies. 

That  is  to  fay,  that  as  heavy  Bodies  move  but  to  defccnd, 
and  that  they  always  defcend  as  much  as  they  can,  whether 
they  do  it  by  Inclination,  or  by  any  extrinfick  Caufe  >  if  the 
defcent  of  Two  Bodies  one  to  another  is  hindrcd,  they  will 
put  thcmfelves  in  fuch  a  Pofition  as  the  Center  of  Gravity 
may  want  the  leaft  Motion  to  end  their  defcent. 

V, 

Two  equal  Weights  that  are  fatten’d  by  their  Centers  of 
Gravity  at  each  end  of  a  Balance,  fufpended  by  the  middle, 
that  is,  whofe  fix’d  Point  is  precifely  in  the  middle  of  thofe 
Two  Weights,  are  in  Æquilibrio  ;  becaufe  being  equal,  there 
is  no  reafon  why  one  Ihould  defcend  fooner  than  the  other. 

VL 

If  a  Power  can  fuftain  a  Weight  by  the  means  of  an  Engine  ; 
a  Power  greater,  as  little  as  can  be  imagin’d,  will  overpoife 
or  caufe  the  faid  W’eight  to  move, 

VIL 

If  Two  Weights  hanging  at  fuch  Dittances  from  the  fix’d 
Point,  are  in  Æquilîbrio,  Twp  other  Weights  equal  to  them 
Two,  put  in  their  room,  will  be  alfo  in  Æquilibrio. 

VIIL 

A  Weight  equal  in  Gravity  to  a  Body,  hanging  from  the 
Center  of  Gravity  of  that  Body,  will  have  the  fame  effeft  as 
the  Weight  of  that  Body,  which  in  this  cafe  ought  to  be 
look’d  upon  as  nothing. 


This 


AXIOMS.  Ig 

This  Axiom  Is  equivalent  to  the  Third  ;  for  to  hang  from 
•the  Center  of  Gravity  of  a  Body,  a  Weight  equal  to  that 
Body,  is  the  fame  thing  as  to  reduce  all  the  Weight  to  the 
Center  of  Gravity. 

IX. 

*  The  Weight,  or  Power,  which  pulhes  or  draws  a  certain 
Point  of  its  Line  of  Direftion,  puflies  or  draws  after  the  fame  ‘ 
manner,  all  the  other  Points  which  are  in  the  fame  Line  of 
Direftion. 

As  if  a  Power  apidied  in  E,  fliowd  fuftain  the  Weight  D,  pUtt 
drawing  by  the  Line  of  Direftion  EB,  that  Power  will  draw  ^ 
after  the  fame  manner  all  the  Points  of  the  fame  Line  EB. 

Whence  it  follows,  that  the  efFeft  of  the  Power  won’t  at 
all  be  chang’d  ;  if  inftead  of  placing  it  in  E,  we  Ihould  place 
it  in  F,  or  in  any  other  Point  of  the  fame  Line  of  Dire£tiors 
FB. 

It  follows  alfo,  that  the  Weight  D  weighs  as  much  near 
the  Ground,  as  when  it  is  farther  off;  becaufe  we  attribute 
no  Gravity  to  the  Rope  AD,  which  fuftains  it. 

And  that  a  Power  applied  at  oblique  Angles,  has  lefs  force 
than  that  applied  at  right  Angles,  and  which  confequently 
is  farther  off  from  the  fix’d  Point,  which  encreafes  its  force* 
ask  is  plain,  by  Prop.  i.  of  the  Balance,  which  we  lhall 
fpeakofin  the  following  Book. 


The 
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Simple  and  Compound 
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call  Engine^  what-cVer  Motion  may  bg  caus’d 
or  hind  red  with:  And  Sir/jple  Engine^  f  which  is 
af  properly  call’d  Organon,  or  Infirament)  that  which 

^  is  made  only  of  One  Piece,  as  a  Leaver. 

Simple  Engines  are  ufually  Six,  (viz.)  the  Balance ,  the 
heaver,  the  Bulky,  the  AxU  in  a  Wheel,  the  Wedge,  and  the 
Screw,  which  we  Ihall  treat  of  in  their  order  in  the  following 
Chapters. 


CHAPTER  L 


Of  the  Balance. 


The  Balance  is  a  ftreight  inflexible  Rod,  without 
Weight,  moveable  about  a  fix’d  Point,  and  laden  at 
each  Tide  of  the  fix'd  Point,  with  one  or  many  Weights^ 
w  hich  are  faften’d  to  it  by  their  proper  Centers  of  Gravity. 

A  Balance  is  faid  to  be  Horizontal,  when  it’s  parallel  to  the 
Horizon  :  And  .Inclin  d,  when  it  leans  to  the  Horizon  more 
at  one  end  than  the  other.  The  fix’d  Point  divides  the  Ba¬ 
lance  into  Two  Parts,  which  are  call’d  the  Tw^o  Brachia,  and 
which,  taken  together,  make  the  Beam  of  the  Balance. 


PRO= 
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PROPOSITION  I. 

THEOREM. 

•  *  * 
if  Two  Weights^  tied  to  the  Ends  of  a  Horizontaî 
Balance are  to  one  mother  reciprocally  as  their 
dijtance  from  the  fix'd  Toint^  they  (hall  hang  in 
Æquilibrio. 

I  Say,  tliat  if  from  the  Two  ends  A;  B,  of  the  Horizontal  , 
Balance  AB,  whofc  fix’d  Point  is  C,  there  hang  the  Two  ^ 
Weights  D,E,  of  which  the  firft  D  :  is  to  the  fécond  E  reel-  * 
procally  as  the  diftance  BC  of  that  fécond  :  to  the  diftance 
AC  of  the  jfirfl:  ;  thefe  T wo  Weights  D,E,  fhall  be  in  Æqtiîm 
Jibrîo  about  the  point  C,  fo  that  That  point  C  fhall  be  their 
common  Center  of  Gravity. 

preparation. 

Lengthen  the  Brachium  AC  of  the  Balance  towards  G,  fo 
that  the  line  AG  be  equal  to  the  other  Brachium  BC,  and 
Ukewife  the  Brachium  BC  towards  F,  fo  that  the  line  BF  be 
equal  to  the  other  Brachium  AC  :  And  then  the  fix’d  Point 
^C  will  be  precifely  in  the  middle  of  the  Two  points  F,  Gj 
that  is,  the  Two  parts  CF,  CG,  fhall  be  equal  to  one  ano¬ 
ther;  fo  that  if  the  Line  FG  be  coniidered  as  a  homogeneous  j 
Cylinder,  the  fix’d  Point  C,  which  is  its  Center  of  Magni¬ 
tude,  by  Def.  6.  will  be  its  Center  of  Gravity,  by  t. 
Transfer  again  AG  to  AH,  or  w'^hich  is  all  one,  BF  to  BH  ; 
becaufe  if  from  the  Two  equal  lines  AH,  BC,  the  common 
line  CH  be  taken,  the  line  AC  will  remain,  or  BF  equal  to 
I  BH.  Therefore  confidering  the  Two  lines  GH,  FHj  as  Two  ' 
homogeneous  Cylinders  of  equal  Bafes  ioin’d  at  the  point 
I  H,  their  Centers  of  Magnitude  A,B,  will  alfo  be  their  Cea- 
:  cers  of  Gravity,  i. 

ft 

DEMONSTRATION. 

Bccaufe  by  Supy  the  Weight  D  :  is  to  the  Weight  E  :  :  as 
1  BC:  is  to  AC,  or  as  AH:  is  to  BH,  or  as  the  double  GH:  is  to 
i;  the  double  FH,  and  that  by  14.  12.  the  Cylinder  IH:  is  alfo 
1;  to  the  Cylinder  FH:  :  as  the  length  GH;  is  to  the  length  FH, 

1  the  Weight  D:  will  be  to  the  Weight  E::as  the  Cylinder  GH: 
i  to  the  Cylinder  FH;  fo  one  may  attribute  to  the  Cylinder 
t  GH  all  the  weight  of  the  PWa;  D,  which  himgs  from  its 
Center  of  Gravity  A,  and  ts  the  Cylinder  FH  all  the  weight 
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of  the  Pmdus'Ej  which  hangs  from  its  Center  of  Gravity  Bs 
which  will  make  no  alteration,  by  A:iè.  3i  and  9.  And  as  the 
point  C  is  the  common  Center  of  Gravity  of  the  Two  Cy¬ 
linders  GH,  FH,  or  the  particular  Center  of  Gravity  of  the 
One  Cylinder  GF,  it  wdil  alfo  be  the  common  Center  of  Gra¬ 
vity  of  the  Two  Weights  D,E  ;  fo  that  thefe  Two  Weights 

D,  E,  muft  remain  in  M^uilihrie  about  the  fix’d  Point  C, 

E.  D.] 

COROLLARY. 

*Tis  plain  from  this  Propofition,that  if  the  Weights  D,  and 

E,  are  equal  to  one  another,  and  their  diftances  AC,  BC, 
likewife  equal  to  one  another  ;  the  Two  Weights  D,E,  will 
alfo  be  in  Æquilibrîo  about  the  fix’d  Point  C:  And  that  if 
the  fame  Weights  D,  E,  are  unequal,  the  leaft  E  muft  be  as 
much  more  diftant  from  the  fix'd  Point  C,  as  the  biggeft  D  ; 
that  is,  as  much  as  to  fay,  the  diftance  BC;  muft  be  as  much 
greater  than  the  diftance  AC  ;  :  as  the  Weight  D:  is  greater 
than  the  Weight  E  ;  fo  that  if  that  Weight  D  be  ,  for  Ex¬ 
ample,  double  the  Weight  E,  the  diftance  BC  alfo  muft  be 
double  the  diftance  AC,  that  the  leaft  Weight  E  may  equi¬ 
ponderate  with  the  greateft  D.  Whence  it  is  eafy  to  con¬ 
clude,  chat  if  the  diftance  BC  be  ever  fo  little  encreas’d,  that 
Weight  E  which  anfwers  to  that  diftance  will  fink  lowerjand 
likewife  if  the  diftance  AC  of  the  Weight  D  be  ever  fo  little 
cncreas’d,  that  Weight  D  will  fink  :  Or  elfe  without  chang¬ 
ing  the  diftance  AC,  BC,  ^if  either  of  the  Weights  D,  or 
E  be  ever  fo  little  increas’d  it  will  overpoife  and  throw  up 
the  other. 

SCHOLIUM. 

The  inverfe  Propofition  is  alfo  true,  (  nji&.  )  that  if  the 
Weights  DyEy  are  in  Æquilibrio  about  the  fix’d  Point  C,  they  voill 
he  to  one  another  in  a  reciprocal  Ratio  to  their  difiances  BC,  yi'C, 
becaufe  otherways  One  of  thefe  Two  Weights  wou’d  over¬ 
poife,  (njîx..)  that  which  Ihou'd  have  a  greater  Ratio  to  the 
other,  than  the  diftance  of  that  other  to  the  diftance  of  the 
firft,  as  we  have  juft  obferv’d  in  the  foregoing  Corollary. 

We  have  alfo  fuppos’d  in  the  Propofition,  that  the  Balance 
AB  was  Horizontal  ;  neverthelefs  the  Propofition  will  be  as 
true  in  an  inclin'd  Balance,  becaufe  by  Supp.  2.  the  Lines  of 
Direftion  of  the  Two  Weights  D,E,  which  hang  freely  from 
the  Two  points  A,  B,  being  parallel  to  one  another,  the 
Two  Weights  D,  E,  aft  upon  the  inclin'd  Balance  AB,  as 
upon  the  Horizontal  one  FG,  becaufe  of  the  Twofimilar 
Triangles  ACF,  BCG,  where  one  may  know  that  the  Two 
diftances  CF,  CG,  are  proportional  to  the  Two  lines  AC, 
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BC,  which  confequently  may  be  taken  for  the  true  diftances 
of  the  Weights  D,E,  from  the  fix’d  Point  C;  it  being  certain 
by  Jx,  9.  that  the  Weights  D,Ey  which  are  faften’d  to  the  Two 
ends  A,B,  of  the  inclin’d  Balance  AB,  have  the  fame  effeO.  a« 
if  they  were  faften’d  to  the  ends  F,  G,  of  the  horizontal  Ba¬ 
lance  EG,  whofe  fix’d  Point  is  the  fame  point  C. 

PROPOSITION  IL 

THEOREM. 

If  a  Balance  having  its  Center  of  Motion  dbove'^^  and  uSvf  the 
at  each  end  a  IV ^ight  equally  di fiant  from  the  fixd  Gravity  f 
Toint^  is  in  a  horizontal  ^ofition^  it  will  remain  in 
that  Situation  ;  hut  if  its  To  fit  ion  he  alter'd  by  in- 
cïïnhig  it  on  either  fide^  it  will  return  to  its  firjl 
Situation, 

ISay  firft,  that  if  the  Balance  AB,  (which  has  at  its  ends 
A,  B,  the  equal  Weights  D,E,  which  draw  by  equal  di- 
fiances  AC,  BC,  and  has  its  Center  of  Motion  upwards  at 
the  point  F,  'which  anfwers  perpendicularly  to  C  the  middle 
point,  which  is  the  common  Center  of  the  Two  equal 
Weights  D,E,  fo  that  the  line  CF  be  inflexible,)  be  Horizon¬ 
tal,  it  will  remain  in  that  Situation  ;  that  is,  it  will  be  at  refi 

when  fufpended  by  the  point  F. 

\ 

DEMONSTRATION.  ' 

Since  the  line  AB  is  parallel  to  the  Horizon,  by  its 
perpendicular  CF  will  alfo  be  perpendicular  to  the  Horizon,, 
and  confequently  will  be  the  Line  of  Direftion  of  the  Quan¬ 
tity  made  up  of  the  Two  weights  D,E,  which  is  fuftain’d  by 
the  point  F,  fo  by  j^x.  9.  it  is  as  if  the  Balance  was  fufpen¬ 
ded  by  the  point  C,  which  is  the  middle  of  AB,  in  which 
cafe  by  Prop.  i.  the  Two  Weights  D,E,  mufl:  remain  in  Æ* 
quilibrio,  ^  E.D. 

I  fay  in  the  fécond  place,  that  if  the  Balance  AB,  be  fo  in-  pj  .  ' 

din’d,  that  one  of  its  ends,  as  A,  fink  lower  than  the  other  ***•* 
end  B,  this  Balance  AB,  as  foon  as  it  is  at  liberty  ^ill  return 
of  it  felf  to  its  firfl  Pofition,  which  was  Horizontal, 

DEMONSTRATION. 

^  Becaufe  the  line  AB  is  inclin’d  to  the  Hori  zon,  its  perpen¬ 
dicular  CF  will  alfo  be  inclin’d  to  the  Horizon,  and  confe- 
quently  decline  from  the  line  FG,  which  is  perpendicular  to 

B  the 
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^Ltte  2.  the  Horizon,  and  which  is  the  Line  of  Dire£i:ion  of  the  Quan- 
Fig.  II.  tity  made  up  of  the  Two  Weights  D,  E,  which  is  fuftain’d 
by  the  point  F  ;  whence  by  9.  it  is  as  if  it  was  fuftain’d 
by  the  point  G,  from  which  the  Weight  E  being  farther  di- 
fhnt  than  the  Weight  D,  has  more  force  to  defcend  than  the 
Weight  D,  by  Coroll.  Prop.  i.  and  therefore  ought  to  caufe 
the  inclin’d  Balance  AB  to  return  to  its  horizontal  Pofition, 
^E.D.  ■ 

For  a  farther  proof  of  this,  on^emay  add,  that  the  Weight 
E  ought  to  defcend,  and  the  line  CF  place  it  felf,  in  the  line 
EG,  becaufe  the  point  C,  which  is  the  common  Center  of 
Gravity  of  the  Two  equal  Weights  D,  E,  may  in  that  man¬ 
ner  defcend,  as  it  will  appear  by  deferibing  from  the  point  F, 
where  the  Balance  is  fufpended,  thro’  the  point  C,  the  Arch 
CO,  which  is  the  fame  as  C  the  common  Center  of  Gravity 
will  deferibe,  when  the  inclin’d  Balance  AB  returns  to  its 
horizontal  Pofition,  and  the  line  FC  will  fit  it  felf  to  the 
Line  of  Direftion  FG,  and  that  C  the  common  Center  of 
Gravity  will  defcend  as  low  as  it  can,  to  wit,  to  the  point 
O,  &c. 

P  R  O  POSITION  III. 

THEOREM. 

This  Thèo^  a  Balance  having  its  Center  of  Motion  heJow^  and 
See  the  Siote  at  each  enà  equal  IVeights  equally  dijiant  from  the 

torn%^the  fix dToiut.^  IS  In  a  horizontal  ToJitioHy  it  will  re- 
next  rage,  main  in  it  :  But  if  it  he  inclin  d  ever  fo  little  on 
either  Jide.^  it  will  continue  to  move  on  that  fide 
till  it  has  acquir’d  a  Tofition  perpendicular  to  the 
Horizon, 

Fig.  12.  T  S’ay  firR,  that  if  the  Balance  AB,  (which  bears  at  Its  ends 
JL  A,  B,  the  equal  Weights  D,  E,  drawing  by  the  equal  di- 
ftances  AC,  BC,  and  which  has  its  Center  of  Motion  below 
at  the  point  F,  which  anfwers  perpendicularly  to  the  middle 
point  C,  fo  that  the  line  CF  be  inflexible,)  be  Horizontal,  it 
will  remain  in  that  Pofition. 

DEMONSTRATION. 

Becaufe  by  Supp.  the  line  AB,  is  parallel  to  the  Horizon, 
its  perpendicular  FC  wfill  alfo  be  perpendicular  to  the  Hori¬ 
zon,  and  confequently  become  the  Line  of  Direftion  of  the 
Quantity  compounded  of  the  Two  Weights  D,  E,  which  is 

fuftain’d 
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fuftain’d  by  the  point  F,  on  which  all  that  compound  Weight 
bears  :  So  by  y^x.  9.  it  is  as  if  the  Balance  AB  was  fufpendcd 
by  the  point  C  middle  of  AB,  in  which  cafe,  by  Prop.  i.  the 
Two  equal  Weights  D,E,  muft  reAiain  in  Æquiliùrio,  that  is, 
the  Balance  muft  be  at  reft.  ^  E.  D. 

I  fay  in  the  fécond  place,  that  if  the  Balance  AB  be  ever 
fo  little  inclin’d,  for  Example,  toward  the  Weight  E,  that 
Weight  E  and  the  whole  Balance  will  continue  to  incline 
about  the  Center  of  Motion  F,  till  it  has  taken-  a  Situation 
perpendicular  to  the  Horizon.  ^ 

DEMONSTRATION. 


Becaufe  the  line  AB  is  inclind  to  the  Horizon,  its  per¬ 
pendicular  CF  will  be  alfo  inclined  to  the  Horizon,  and  con* 
fequently  decline  from  the  line  FG,  which  being  perpendi¬ 
cular  to  the  Horizon,  and  pafting  thro*  the  Center  of  Motion 
F,  is  the  Line  of  Direftion  of  the  Quantity  compounded  of 
the  T  wo  Weights  D,E,  which  bears  upon  the  point  F,  whence 
by  Jx.  9.  'tis  juft  as  if  it  was  fuftain’d  by  the  point  G , 
from  which  the  Weight  E  being  farther  diftant  than  the 

This  Paragraph  as  wdl  as  the  Theorem  isfalfe;  for  the  Ba^ 
lance  will  not  remain  in  the  Pefition  which  is  perpendicular  to  the 
Horizon^  but  turii  round  till  AB  the  Balance  becomes  parallel  to 
the  Horizon^  and  the  Center  of  Gravity  C  defends  to  O,  the  G(?w- 
ter  of  Motion  remaining  the  fame  at  F;  tho*  by  the  alteration  of  the 
Balancent  is  above  the  Balance as  it  was  below  it^Scc.  This  may  be 
proved  from  the  known  Laws  of  MechanickSy  and  the  Author's-  own 
Axioms. . 


DEMONSTRATIOJd. 

Since  by  Def.  i.  the  Two  Weights  fix'd  at  the  End  of 
the  Balance  have  the  fame  effecl  as  if  they  hung  from  the  faid 
Ends  ;  as  the  Weights  D^Ey  do  from  A^B  ;  I  fay  y  that  the  Balance 
cannot  remain  in  the  perpendicular  Pofition  reprefented  in  the 
FigUrey  becaufe  by  Ax.  4.  the  Center  of  Gravity  ^  mujl  defend  to 
3"  the  lowefi  place  that  it  can  fall  to. 

Thus  the  lint  will  be  again  in  the  Line  of  Direction  and 
the  Balance  will  be  again  Horizontaf  but  below  the  Center  of  Mo» 
tion.  as  it  was  above  it  y  jufl  as  it  is  reprefented  in  Fig.  10.  Q.E.D. 

The  Theorem  Ihou’d  be  thus  exprefs’d,  in  the  Words  of 
the  Ingenious  M.r.  J.  ICeil  of  Chrifi-Churchy  Oxon.  If  the  Cen» 
ter  of  Gravity  be  plac'd  perpendicularly  over  the  Center  of  Motion^ 
it  will  remain  in  that.  Pofition  ;  but  if  the  Body  be  ever  fo  little  In» 
clin'dy  the  Center  of  Gravity  will  movty  till  it  has  plac'd  itflf 
under  the  Center  of  Motion  in  the  fame  PrependiCular. 

B  % 
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Weight  D,  muft  caufe  the  Balance  to  incline  more  and  more 
towards  E,  hyCoroIl,  Prop.  i.  and  this  muft  give  the  Balance 
AB  a  Pofition  Jierpendicular  to  the  Horizon.  •  E.  D.  Se^ 

the  foregoing  Note, 

For  a  farther  proof  of  this,  one  may  add  that  the  Weight 
E  mud:  continue  to  defcend,“>and  the  line  CF  to  fall  in  with 
the  Line  of  Direction  FG,  becaufe  the  point  C,  which  is  the 
common  Center  of  Gravity  of  the  Two  equal  Weights  D,  E, 
may  in  that  manner  defcend  and  come  under  the  point  F  in 
C,  which  is  the  loweft  place  it  can  fall  to,  as  one  may  know 
in  defcribing  from  F,  the  point  whereon  the  Balance  bears, 
thro’  the  point  C,  the  Arch  CO,  which  is  the  fame  as  will  be 
defcrib’d  by  C  the  common  Center  of  Gravity,  when  the  in¬ 
clin’d  Balance  AB  will  continue  to  move  about  the  point  F,to 
•*The  Au-  place  it  felf  in  a  Pofition  perpendicular  to  the  Horizon,  &c.  ^ 

thor  fhou'-d 

fZJt  •  PROPOSITION  IV. 

the  Horizon 

PROBLEM. 

\  JsHe. 

Knowing  the  JVeight  oj  Two  heavy  Bodies  apply  d to 
the  ends  of  a  Balance  of  a  hyiown  lengthy  to  find 
upon  that  Balance  the  common  Center  of  Motion. 


Plate  Ï-  y  ET  us  fuppofe  that  the  Weight  D,  which  hangs  from 
Eig.S.  I  j  the  end  A  of  the  Balance  AB,  whofe  length  is  24 
Inches,  be  of  12  Pounds,  and  that  the  Weight  E,  which  is 
faften’d  to  the  other  end  B,  be  of  6  Pounds.  To  find  ^he 
common  Center  of  Gravity  of  thefe  Two  Weights,  or  the 
fix’d  Point,  from  which  the  Balance  AB  laden  with  the  Two 
Weights  A,  B,  being  fufpended,  thefe  Two  Weights  wilE 
hcinÆquiîihrio;  feek  to  thefe  Three  Numbers  1 8,5,24,  which 
are  the  fum  of  the  Two  Weights  D,  E,  of  the  Weight  E,  and 
of  the  Balance  AB,  a  fourth  Number  proportional,  which 
will  be  8  Inches  for  the  part  ÂC.  If  then  AC  be  taken  of 
8  Inches,  the  fix’d  Point  C  will  be  found,  about  which  the 
Two  Weights  D,E,  will  remain  in  Æquilibrio, 

DEMONSTRATION. 

Becaufe,  by  the  ConfiruBion^  we  have  this  Analogy,  D  +  E  • 
E  :  :  AB  :  AC,  dividing  we  lhall  alfo  have  this  other  Analogy, 
D:E;:BC:  AC,  which  ihews  by  Prop.  i.  that  the  Two 
Weights  D,  E,  muft  remain  in  Æ<][mlibrio. shout  the  point  C, 
^E.D. 


SCHO- 


Chap.  T.  Of  Simple  and  Compound  Kngints*  21- 

SCHOLIUM. 

Tho’  we  have  attributed  no  Weight  to  the  Balance  AB,  Plate  i 
yet  ’tis  impoüîible  but  that  it  Ihould  have  fome,  which  caufes  Pig.  S, 
the  foregoing  Operation  not  to  be  true  in  ftriftnefs  ;  for  tho’ 
the  Weights  D,  E,  are  in  a  reciprocal  Ratio  of  their  diftances 
AC,BC,  and  the  point  C  confequently  the  Center  of  Gravity 
of  the  Quantity  compounded  of  thefe  Two  Weights,  yet 
the  weight  of  the  Balance  AB  is  not  comprehended  in  it; 
wherefore  the  Æquilihium  will  be  hinder’d,  and  the  Balance 
will  overpoife  on  the  fide  of  E  the  leaft  Weight  :  For  fuppo- 
fing  the  Balance  AB  to  weigh,  for  Example,  Three  Pounds, 
in  which  cafe  the  Brachium  AC  will  weigh  One,  and  the 
other  Brachium  BC  Two,  or  double  the  weight  of  the  firft, 
becaufe  the  Weight  D  has  been  fuppos’d  to  be  double  the 
Weight  E,  having  reckon’d  t)  12  Pounds,  and  E  6  ;  it  will 
be  known  that  the  Quantity  made  up  of  the  Weight  D  and 
the  Brachium  AC,  is  of  13  Pounds,  and  that  the  Quantity  made 
up  of  the  Weight  E  and  the  Brachium  BC,  is  of  8  Pounds,  and 
that  the  ’ Ratio  oÇ  13  to  8  being  lefs  than  that  of  BC  to  AC, 
the  point  C  cannot  be  the  common  Center  of  Gravity  of  the 
Quantity  made  up  of  the  Two  Weights  D,E,  and  the  Ba¬ 
lance  AB. 

Therefore  to  folve  more  exa£lly  the  Problem  propos’d , 
which  exaftnefs  muft  always  be  obferv’d  when  the  GraWty  of 
the  Balance  AB  will  be  confiderable,  we  mufl:  fuppofe  a  W eight 
equal  to  the  Two  D,E,to  hang  from  C  the  common  Center  of 
Gravity,  which  by  will  not  alter  the  eifeft  of  the,  Two 
Weights  D,  E  ;  and  that  from  the  middle  point  I,  which  is 
the  Center  of  Gravity  of  the  Balance  AB,  there  hangs  ano¬ 
ther  Weight  equal  to  that  of  the  Balance  ;  and  confidering 
Cl  as  a  Balance  laden  with  its  Two  Weights  at  its  ends  CÎ, 
find  out  as  has  been  taught,  O  the  common  Center  of  Gra¬ 
vity  of  thefe  Two  Weights,  &c. 

P  R  O  P  O  S  I  T  I  0  N  V. 

PROBLEM. 

Knowing  the  Length  and  Weight  of  a  Balance  which 
has  at  one  of  its  ends  a  Body  of  known  Weight to 
find  the  fix'd  Toint^  about  which  the  Weight  of  the 
Balance  and  the  W fight  of  the  Body  jhall  remain 
in  Æquilibrio. 

SUppofing  the  Balance  AB  to  weigh  i <5  Ounces,  znàto  Plate^ 
h  ave  1 2  Inches  in  length  :  To  find  upon  this  Balance  the  Pig, 
point  Cj  from  which-  the  Balance  being  fufpended,  by  the 

B  3  .  help 


A  Treatîfe  of  Mechanicks.  Book  L 

'Plats  2,  help  of  its  own  Gravity,  fliall  keep  inÆqilibrîQtht  heavy  Body 
*4*  D,  which  hangs  from  its  end  A,  and  is  fuppos’d  to,  weigh  8 
Ounces:  To  thefe  Three  Numbers  24:  i6i  6:  fwhidh  are  the 
Sum  of  the  Weight  of  the  Body  and  the  Bolance,  the  particu¬ 
lar  Weight  of  the  Balance, 'and  half  of  its  length,)  find  oat  a 
fourth  Broportional,  which  will  be  4  Inches  for  the  part  AC. 
If  then  we  take  the  part  AC  of  4  Inches,  we  fiiall  have  the 
point  C,  from  which  the  Balance  AC  hanging,  its  Weight 
will  be  in  Æqüilibrio  with  the  Body  D. 

DEMONSTRATION. 

Imagine  the  Body  E  of  equal  weight  with  the  Balance  AB, 
to  hang  from  F  the  middle  Point,  or  Center  of  the  faid  Ba¬ 
lance,  whichl  fuppofe  uniform,  and  equally  heavy  in  all  its 
parts;  which  will  caufeno  alteration  in  the  pofition  by  Jx.  3. 
Imagine  alfo  AF  as  a  Balance  without  Weight,  and  laden  with 
the  Two  heavy  Bodies  D,  E,  applied  to  its  ends  ;  it  will  ap¬ 
pear  that  fince  by  Conflr.  we  have  this  Analogy,  D  +'  E  :  E;  ; 
AF  :  AC,  by  divifion  we  fliall  have  this,  D  :  E  :  ;  CF  :  AC, 
which  will  fliew  by  Prop.  1 ,  that  the  point  C  is  the  common 
Center  of  the  Two  Bodies  D,E,  and  confequently  that  taking 
away  the  Body  E  and  reftoring  to  the  Balance  AB  its  Weight, 
it  will  be  the  common  Center  of  Gravity  of  the  Body  D,  and 
the  Balance  AB. 


PROPOSITION  VL 

PROBLEM. 

\ 

Several  Bodies  of  known  Weight  being  applied  to  a 
Balance^  to  find  upon  that  Balance  the  common 
Center  of  Gravity  of  all  thofe  Bodies, 

f  •  upon  the  Balance  AB,  to  which  we  fliall  attri- 

1 5 .  Jl^  Weight,  the  Center  ofGravity  of  the  Quantity 

made  up  of  the  Four  Bodies  C,D,E,F,  of  known  Weight  ;  find 
by  Prop.  4.  upon  the  Balance  AB,  I  the  common  Center  of 
Gravity  of  the  Two  Bodies  C,F,  and  upon  the  Balance  GH, 
K  the  common  Ce^iter  of  Gravity  of  the  Two  other  Bodies 
D,  E  ;  and  laflly,  upon  the  Balance  IK,  L  the  common  Cen¬ 
ter  of  Gravity  of  a  heavy  Body  applied  at  I,  and  equal  to  the 
Two  C,F,  and  of  another  Body  applied  at  K,  and  equal  to  the 
Two  D,E  ;  and  that  point  L  fliall  be  the  point  about  which 
the  Four  Bodies  C,D,E,F,  wdll  be  in  Æqmlibm, 


DE- 
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DEMONSTRATION. 

Reducing  the  Two  Bodies  C,F,  to  I  their  common  Center  pUte  2 
of  Gravity,  and  likewife  the  Two  Bodies  D,  E,  to  K  their  j,- 
common  Center,  they  will  aft  upon  the  Balance  IK,  as  upon  *  ^ 

the  Balance  AB,  by  3  And  as  they  mull  be  in  ÆquilU 
brio  about  the  point  L,  in  the  Balance  IK,  becaule  they  are  in 
a  reciprocal  Ratio  of  their  diftances  LI,  LK  ;  they  will  alfo 
remain  in  Æ<^uilibrio  about  the  faid  point  L  in  the  Balance 

AB.  §^E.D.&I. 

SCHOLIUM. 

If  there  was  befides  thele,  another  heavy  Body,  hanging 
from  fome  other  point  of  the  Balance  AB,  as  from  the  point 

M,  the  Weight  of  the  Four  Bodies  C,D,E,F,  muft  be  reduc’d 
to  their  common  Center  of  Gravity  L,  by  imagining  that 
from  the  point  L  there  hangs  a  Body  equal  in  Weight  to  the 
Four  C,  D,  E,  F,  and  the  Balance  LM  muft  be  divided  in  a 
point,  as  O,  in  liich  manner  that  the  faid  aggregate  Body  ap¬ 
plied  in  L,  be  to  the  Body  hanging  at  M,  as  the  diftance 
OM  is  to  the  diftance  OL  ;  and  that  point  O  will  be  the 
fix’d  Point  requir’d. 

PROPOSITION  VIL 

PROBLEM. 

Tvûo Bodies  being  given^  theheaviefl  of  which  hangs  at 
one  of  the  ends  of  a  Balance  of  known  Length  and 
JV ^ight,  and  given  fix'd  Toint;  to  hang  that  of  leaji  ‘ 
}Veight  in  fuch  manner^  that  being  afpjied  by  the 
Weight  of  the  Balance^  it  may  keep  the  heaviep 
Body  in  Æquilibrio  about  the  fix'd  Toint* 

Let  us  fuppofe  the  Balance  AB  to  weigh  2  Ounces,  and  pyte  2 
be  14  Inches  long.'  Let  us  again  fuppofe  that  the  Body  pio.id 
DO,  which  is  applied  to  its  end  A,  diftant  (for  Example)  an 
Inch  from  the  fix»’d  Point  C,  weighs  is  Ounces  ;  to  find  the 
point  F,  where  the  Body  E,  which  weighs  (for  Example)  an 
Ounce,  being  applied  and  affifted  by  the  Gravity  of  the  Ba¬ 
lance  AB,  fliall  keep  the  other  Weight  DO  in  Æquîlihrio 
about  the  Center  of  Motion  C  ;  divide  the  Balance  AB,  into 
'Two  equal  parts  at  the  point  G,  which  by  Xx.  i.  will  be  its 
Center  of  Gravity  ;  and  fuppofe  the  Body  H  of  the  fame 

B  4  '  .  Weight 
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PUte-^.  with  the  balance  AB ,  that  is,  of  Two  Ounces 

F/>.  1*5,  hang  from  the  faid  G.  Then  to  thefe  Three 

’Numbers  ii6::  2;  which  are  the  diftance  AC,  the  diftance 
CG,  and  the  Body  H,  find  a  fourth  Proportional,  which  will 
be  12  Ounces  for  the  part  O  of  the  Body  DO  ;  wherefore 
the  other  part  D  will  be  3  Ounces.  Laftly,  to  thefe  Three 
other  Numbers  i:  3::  r:  fwhichare  the  Body  E,  the  part  D, 
and  the  diftance  AC,j  find  a  fourth  Proportional,  which  will 
be  3  Inches  for  the  diftance  CF.  If  then  the  Body  E  be  ap¬ 
plied  to  the  poiiat  F,  which  is  3  Inches  diftant  from  the  fix'd 
Point  C,  this  Body  E  fhall  keep  the  Body  DO  in  Æquili^rio 
about  C  the  Center  of  Motion. 

DEMONSTRATION. 

Since  by  Co?i(îr.  the  diftance  AC:  is  to  the  diftance  CG;:  as 
the  Body  H,  or  the  Weight  of  the  Balance  AB;  is  to  the 
Body  O  :  and  that  the  Body  E  ;  is  to  the  Body  D  :  :  as  the  di¬ 
ftance  AC;  is  to  the  diftance  CF  ;  it  follows,  by  Prop.  i.  that 
the  point  C  is  the  common  Center  of  Gravity  of  the  Two 
Bodies  H,0,  in  the  Balance  AG,  and  of  the  Two  Bodies  ED, 
in  the  Balance  AF.  Whence  it  is  eafy  to  conclude,  that  it 
is  alfo  the  common  Center  of  Gravity  of  the  Quantity  made 
up  of  the  Two  Bodies  D,0,  (or  of  the  Body  DO  alone)  and 
the  Two  Bodies  E,  H:  And  that  thus  the  point  F  is  found, 
from  which  the  Body  E  being  fufpended,  and  aflifted  by  the 
Gravity  of  the  Balance  AB,  keeps  the  Body  DO  in  Æ-quili^ 
brio  about  the  fix’d  Point  C.  ^E.  D  &  I. 

COROLLARY. 

By  this  Operation  is  found  the  manner  how  to  divide  the 
St  at  era  or  SteeUyardy  call’d  by  the  Greeks 

which  may  be  done  in  this  manner  : 

Prepare  a  long  Rod  of  Wood,  or  any  other  folid  matter, 
as  Iron,  of  an  equal  thicknefs  all  over,  and  equally  heavy  in 
all  its  parts,  as  AB,  and  find  its  juft  Weight  with  a  common 
Pair  of  Scales.  At  its  end  A  faften  a  Hook,  to  hold  what¬ 
ever  is  to  be  weigh'd,  and  pretty  near  that  end  mark  C  for 
the  Center  of  Motion,  or  for  the  fix’d  Point.  Apply  be¬ 
yond  that  point  C,  the  Weight  E  moveable  by  means  of  its 
Ring  F  which  Weight  is  call’d  the  Count er^poifs,  and  muft  be 
of  known  Weight  reckoning  the  Ring  with  it.  Laftly,  ac¬ 
cording  to  the  former  Operation,  mark  the  points  i,  2,  3,4, 
éfc.  where  the  Counterpoife  E  being  applied  fuccefiively, 
ftiall  keep  in  Æquilib'rio  a  Body  of  One  Pound,  a  Body  of 
Two  Pounds,  one  of  Three,  one  of  Four  Pound  Weight, 
&c.  v/hich  are  fuppos’d  to  be  bang’d  at  A,  one  after  another. 

S  C  HO- 
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.  SCHOLIUM, 

Tho’  this  Method  be  good  in  the  Theory,  I  fhou’d  not  ^ 
be  willing  to  rely  upon  it,  by  reafon  of  the  Irregularity 
that  is  ufually  in  the  Matter  :  wherefore  in  the  Praflice  it  ^ 
will  be  better,  mechanically  to  markthofe  points  of  Divifion, 
by  holding  the  Balance  in  a  horizontal  Pofition,  and  moving 
the  Weight  E  from  C  towards  B,  to  the  Points,  1,2, 3, 4,  &c. 
till  it  is  equiponderant  to  One,  Two,  Three,  or  Four  Pounds, 
and  fo  on  till  the  longeft  Brachium  BC  be  full  of  different 
marks,  and  then  the  SteeUycird  will  be  finifh’d,  which  will 
be  lie  to  weigh  vaft  Burthens,  whereas  a  common  Pair  of 
Scales  can  only  weigh  fmall  things. 

PROPOSITION  VIII. 

PROBLEM. 

To  make  a  7)ecehfuî  Balance,  which  being  Empty ^ 

\  and  alfo  being  laden  with  unequal  JVeights^  /hall 
i  remain  in  ^Equilibrio. 

Make  ont  Brachium  of  the  Balance,  as  AC,  a  little  ^ 
longer  than  the  other  Brachium'QQ,  a  Twelfth  part,  p. 

I  for  Example  ;  fo  that  AC  :  may  be  toBC::  as  Twelve; is 
j ,  to  Eleven  ;  and  reciprocally  let  the  Scale  E,  which  belongs 
i  to  the  ihorteft  Brachium  be  alfo  a  Twelfth  part  heavier  than 
^  the  Scale  at  D,  which  belongs  to  the  longeft  Brachium^  fo 
J  that  the  Weight  of  E  :  be  to  that  of  D  ;  ;  alfo  as  1 2:  to  1 1 ,  to 
j  the  end  that  thefe  T  wo  Scales  being  Empty,  and  their  Weight 
!  being  in  a  Reciprocal  Ratio  of  their  Diftances  AC,  BÇ,  may 
i:  remain  in  Æqullil/rio  about  the  fix’d  Point,  hj  Prop.i. 
jj  If  in  thefe  Scales 'Weights  be  put,  which  bear  the  fame 
I  Ratio  as  12  to  i  r,  fo  that  the  leaft  Weight  be  in  the  lighteft 
i  Scale,  and  the  greateftin  the  heavieft  Scale,  thefe  Scales  fill’d 
I  with  their  Weights  will  be  Quantities,  of  the  fame  Ratio  as 
Ï 2  to  II,  and  confequently  of  a  reciprocal  Ratio  to  their 
I  diftances  AC,  BC,  whence  by  Prop,  i.  they  will  alfo  be  in 
,  jËquilibriQ  about  the  Center  of  Motion  C. 
i  Thus  we  {ball  have  a  falfe  Balance,  which  being  Empty 

Slliall  hang  in  Æquilibrio  ,  and  being  laden  with  unequal 
Weights  after  the  manner  aforefaid,  iliall  alfo  hang  in  Æqui-^ 
librio:  But  to  find  out  the  Deceit,  one  muft  only  change  the 
\  Weights  from  one  Scale  to  the  other  ;  becaufe  if  the  Balance 
I  be  falfe,  it  will  then  lofe  its  /Equilibrium  i  for  the  Weights  . 
I  '  help’d 

ï\ 
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help’d  by  the  ponderoficies  of  their  Scales,  will  be  no  longer 
in  the  reciprocal  Ratio  o£  their  Diftances. 


CHAPTER  IL 
Of  the  Leaver. 

Plato  r.  r  8  E  Leaver  is  a  kind  of  Balance,  or  Rod,  as  AB,  which 
Fig,  4.  -S-  inftead  of  being  fufpended  from,  refis  upon  a  point 

as  *  C,  which  we  have  call’d  the  fix'd  Point,  or  Center  of  Mo¬ 
lina  Lea-  tion,  having  the  Weight  on  one  fide,  and  the  Power  on  the 
ver ,  this  other.  It  has  been  fo  call’d,  becaufe  it  ferves  to  bear,  and 
monifcaR  Burthens  with  facility,  and  fo  much  the  more  eafily  as 
the  Fulcrum  the  Power  is  more  diflant  from,  or  the  Weight  nearer  to  the 
arFulcimen.  f^x’d  Point,  as  we  fhall  demonflrate,  after  we  have  defcrib’d 
T wo  or  Three  forts  of  Leavers  of  common  ufe. 

The  Leaver  of  the  Firft  Kind,  is  that  wherein  the  Prop,  or 
Plate  2.  the  fix’d  Point  C,  is  between  the  Weight  fufpended  at  the 
F^.  1 8.  end  A,  and  the  Power  applied  at  the  other  end  B.  It  is  plain 
that  Scijfors,  Pinchers,  Snuffers,  See,  are  Leavers  of  the  Firfl 
Kind. 

The  Leaver  of  the  Second  Kind  is  that  wherein  the  fix’d 
Plate  2  ^  Power  applied  at  the  other  end 

Eq:  10  Weight  D  being  fufpended  at  the  point  A  between 

the  ends  ;  that  is,  between  the  Power  and  the  fix’d  Point.  It 
is  plain  that  the  Oars  and  Rudder  of  a  Boat  are  Leavers  of 
the  Second  Kind  ;  as  alfo  fucli  Cutting  Knives  as  are  fix’d  at 
one  end,  as  thofe  us’d  by  Druggifls  for  cutting  aromatick 
Wood  and  Roots,  by  Bakers  for  cutting  their  Bread,  and  Lafl- 
makers  for  cutting  Wood  :  And  likewife  Doors,  whofe  Hin¬ 
ges  are  as  the  fix’d  Point. 

The  Leaver  of  the  Third  Kind  is  that  whofe  fix’d  Point  C  is 
ig,  20.  Qne  and  the  Weight  D  fufpended  at  A  the  other  end, 
the  Power  being  applied  at  the  point  B,  between  the  ends  ; 
that  is,  between  the  Weight  and  the  Fulcrum.  It  is  plain 
that  a  Ladder  which  is  lifted  by  the  middle  in  order  to  rear  ic 
againfl  a  Wall,  is  a  Leaver  of  the  Third  Kind.  ^ 

There  is  yet  a  Fourth  Kind  of  Leaver,  call’d  the  Pended 
^g’  2^1^»  Leaver,  whofe  ufe  will  be  flicw’d  in  the  fequel:  as  ACB,  fo 
call’d,  from  its  being  bent  at  the  fix’d  Point  C.  It  appears 
plainly  that  fuch  a  Leaver  is  of  the  Firfl  Kind,  becaufe  die 
Weight  D  hangs  at  its  end  A,  and  the  Power  is  applied  at 
its  other  end  B,  where  it  draws  by  the  Line  of  Direflion 
BE.  A  Hammer  to  draw  out  a  Naif  is  a  Bended  Leaver. 

PRO- 
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PROPOSITION!. 

THEOREM. 

If  a  Tower f  whofe  Line  of  Direfiion  is  perpendi¬ 
cular  to  a  Leaver  parallel  to  the  Horizon^  hears  up 
a  IVeight  hy  the  means  of  that  Leaver^  the  Ratio 
of  that  Tower  will  he  to  the  Weighty  as  the  Ratio 
of  the  Weights  dijiance  from  the  fix'd  Voint  to  the 
Tower's  defiance  from  the  fix'd  Toint. 

ISay  that  if  a  Power  applied  in  B,  whofe  Line  of  Direftion 
is  perpendicular  to  the  Horizon,  fuftains  the  Weight  D, 
whofe  Center  of  Gravity  correfponds  to  the  point  A,  by  the 
means  of  the  Leaver  AB  parallel  to  the  Horizon,  whofe  fix’d 
Point  or  Center  of  Motion  is  C,  that  Power  :  is  to  the 
Weight  D:  ;  reciprocally  as  AC  the  Diftance  of  the  Weight: 
is  to  BC  the  Diftance  of  the  Power. 

DEMONSTRATION. 

For  if  inftead  of  the  Power  applied  at  B,  you  fix  the 
Weight  E,  which  fhall  keep  the  Weight  D  in  Æquilibrio 
about  the  fix’d  Point  C,  it  will  appear  that  That  Leaver  AB, 
which  is  of  the  Firft  Kind,  is  only  a  horizontal  Balance,  con¬ 
cerning  which  we  have  demonftrated  that  the  Weight  E  :  is 
’  to  the  Weight  D  :  :  as  the  diftance  AC  ;  to  the  diftance  BC  : 
1  and  as  the  Weight  E  has  the  fame  elfeft  as  the  Power  applied 
;  at  B,  and  the  fame  Line  of  Direftion  BE>  it  is  neceftarily 
i  equal  to  that  Power,  which  confequently  will  be  the  Weight 
i  D,  as  the  diftance  AC,  to  rhe  diftance  BC.  ^E.D. 


SCHOLIUM. 


The  Demonftration  will  be  after  the  fame  manner  in  a 
bended  Leaver,  as  ACB  ;  but  one  muft  fuppofe  the  Line  of 
Direftion  BE  of  the  Power  to  be  parallel  to  the  Horizon,  or 
perpendicular  to  the  Bended  Brachium  BC,  which  in  this  cafe 
will  reprefent  the  diftance  from  the  Power  to  the  fix’d  Point 
C,  becaufe  I  fuppofe  the  Angle  ACB  is  a  right  Angle  ;  for  if 
the  Brachium  AC  be  lengthned  beyond  the  Fulerum  C,  towards 
F,  in  fuch  manner  that  CF  be  equal  to  CB,  and  that  the 
A  Power  be  applied  at  F  to  aft  downwards,  it  will  have  the  fame 
efteft  in  F  as  in  B ,  becaufe  of  the  equal  cliftances  CB,  CF,  &c. 


*  That  is^  aBin^  at  B  towards  E  in  a  DireSion  parallel  to  tbs  Horizon  ;  as 
it  muji  aB  at  F,  in  a  DireBion  perpendicular  to  the  HoriZgOn* 

The 
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l^Ute  3.  The  Demonftration  will  al  fo  be  the  fame  m  a  Leaver  of 
F/V,  19,20,  the  Second  and  of  the  Third  Kind;  for  if  in  either  cafe 
you  lengthen  the  Leaver  beyond  the  Fulcrum  C,  towards  E, 
fo  that  the  line  CE  be  equal  to  the  diftance  BC  of  the  Power, 
and  that  inftead  of  applying  the  Power  at  B,  it  be  applied  at 
E,  it  will  at  E  have  the  fame  effeftas  at  B  ;  and,  as  the 
Power  in  E  :  is  to  the  Weight  D  ;  :  as  the  diftance  AC  ;  to 
to  the  diftance  CE ,  in  the  Leaver  ECA,  which  is  of  the 
Firft  Kind;  the  fame  Power  at  B  :  will  be  alfo  to  the  Weight 
D  as  the  diftance  ACr:  to  the  diftance  CE  ;  or  BC  its  equal. 

COROLLARY. 

From  this  Propofition,  we  ftiall  draw  the  fame  Confe- 
2.  quences  as  have  been  drawn  from  the  Firft  Propofition  con- 
Flg,  18.  cerning  the  Balance  ;  namely,  that  the  farther  the  Power  is 
diftant  from  the  fix’d  Point  C,  the  more  Force  it  will  pro- 
porcionably  have  ;  fo  that  if  the  Power  that  is  in  B,  be  re¬ 
mov’d  from  the  Fulcrum  C,  twice  the  length  BC,  it  will 
need  but  half  the  Force  which  it  wanted  at  B,  to  fupport 
the  Weight  D.  That  is,  if  the  Weight  E  (o£  an  Hundred 
Pounds,  for  Example)  being  apply’d  at  B  is  able  to  fuftain 
the  Weight  D  at  the  diftance  BC,  a  Weight  of  50  Pounds 
■  nnly  will  be  able  to  fuftain  the  fame  Weight  D,  at  a  diftance 
which  is  double  that  of  BC. 

Plate  3.  Whence  it  is  eafy  to  conclude,  that  as  in  the  Leaver  of  the 
21.  ,and  as  in  the  Bended  Leaver,  which  is  alfo  of 

'  the  Firft  Kind,  AC  the  diftance  of  the  Weight  may  be  greater 
or  lefs  than  BC  the  diftance  of  the  Power  ;  fo  the  Power 
may  be  greater  or  lefs  than  the  Weight  ;  in  fuch  manner  that 
it  will  be  Equal  to  it  when  the  two  Diftances  AC>  BC,  happen 
to  be  equal,  as  in  the  Balance. 

Fig,  19.  Now,  as  in  ufing  the  Leaver  of  the  Second  Kind,  the 
Diftance  AC  of  the  Weight  D,  muft  neceftarily  be  lefs  than 
BC  thé  Diftance  of  the  Power  at  B,  fo  the  Weight  muft  of 
neceflity  be  greater  than  the  Power  ;  that  is,  the  Power  has 
more  Force  than  a  Weight  equal  to  it,  and  a  Little  Power 
can  fuftain  or  raife  a  Greater  Weight  ;  and  as  on  the  contrary, 
in  ufing  the  Leaver  of  the  Third  Kind,  the  Diftance  AC  of 
the  Weight  D,  muft  of  neceftity  be  greater  than  BC,  the 
Diftance  of  the  Power  at  B  ;  fo  alfo  muft  the  Weight  be  lefs 
than  the  Power, 

Plate  3.  Hence  it  is  eafy  to  conclude,,  that  what  has  been  demon- 
F/0-.22,  fttated  concerning  the  Leaver  of  the  Firft  Kind  parallel  to 
the  Horizon,  is  alfo  true  of  AB  the  Inclin’d  Leaver  if  the 
Weight  D  hangs  freely,  and  BE  the  Line  of  Direftion  of  the 
Power  at  B  is  perpendicular  to  the  Horizon;  becaufe  in  fuch 
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a  cafe  ic  will  be  parallel  to  AD,  the  Line  of  Direftion  of  the  ^  ’ 
Weight  D,  which  is  alfo  perpendicular  to  the  Horizon,  fiz.  J' 
Su^p.  2,  whence  the  two  Reftangular  Triangles  ACF,  BCG,  ^  ^ 
are  fimilar,  fuppofing  the  Line  FG  parallel  to  the  Horizon  ; 
and  that  the  Weight  D  apply ’d  at  A,  and  the  Power  apply ’d 
at  B,  aft  the  fame  way  upon  the  Inclin’d  Leaver  AB,  as  upon 
the  Horizontal  One  FG,  &c- 

PROPOSITION  ir. 

PROBLEM. 

To  raifea  Body  of  known  Weight  with  a fmaJl  TêWef\ 
hy  means  of  a  Leavey, 

TO  raife  the  Weight  D,  that  weighs,  for  Example,  100  p^^^^ 
Pounds,  apply’d  at  A,  the  end  of  the  Leaver  AB  atp/^ 
the  diRance  of  an  Inch  from  the  Fulcrum  C,  with  a  given 
Force  of  10  Pounds;  confider  that  Force  as  a  Weight  of  10 
Pounds,  as  E;  and  to  the  Three  Numbers  10:  100;:  i 
W’hich  are  the  Weight  Eor  given  Force,  the  given  Weight  D, 
and  its  diRance  AC,  find  a  fourth  proportional,  which  will 
be  10  Inches  for  the  diRance  CB.  If  then  you  take  CB  of  10 
Inches,  you  will  have  the  point  B,  where  if  the  Weight  E  be 
apply’d,  it  will  keep  the  given  Weight  D  in  Æquîlihrio  about 
the  fix’d  Point  C,  by  Prop.  i.  Wherefore  if  this  Weight  E  be 
apply’d  ever  fo  little  beyond  B,  that  is,  farther  from  the  FuU 
crum  C,  it  will  raife  the  Weight  D,  bccaufe  its  Force  wdll 
become  greater,  as  we  have  obferv’d  in  the  foregoing  Pro» 
pofition. 

If  the  length  AB  of  the  Leaver  be  determin’d,  you  muR 
fo  divide  the  Leaver  at  the  point  C,  that  the  Weight  E,  or 
the  Power:  may  be  to  the  given  Weight  D:;  as  AC:  is  to 
BC,  as  has  been  taught  concerning  the  Balance,  and  then  will 
C  be  the  common  Center  of  Gravity  of  the  Quantity  com¬ 
pounded  of  the  Two  Weights  E,  D;  wherefore  if  .the  F«/- 
€rum  be  any  where  betwixt  A  and  C,  it  is  plain  that  the 
Power  at  B  will  raife  the  Weight  propos’d  D. 


FRO- 
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PROPOSITION  III. 


THEOREM. 

As  much  as  the  Tower  gains  in  Force^  as  it  moves  a 
Body  with  a  Leaver^  Jo  much  it  lojeth  in  "Time 
and  Space, 

3*  OUppofe  the  Leaver  AB,  whofc  fixM  Point  is  at  C,to  have 
23.  a  Weighcfix’d  to  it,  whofe  Center  of  Gravity  correfponcls 
to  the  end  A,  and  a  Power  at  the  other  end  B  ;  this  Power 
in  moving  the  Weight  will  give  the  Pofition  DE  to  the  Lea¬ 
ver  AB  ;  in  which  cafe  the  Weight  will  defcribe  the  Arch 
AD ,  and  the  Power  the  Arch  BE  about  the  Fulcrum  C. 
If  the  Power  at  B  only  fuftain’d  the  Weight  at  A,  it  wou’d 
hy  Prop,  I.  have  the  fame  Ratio  to  the  Weight,  as  AC  the  di- 
ftance  of  the  Weight  has  to  DC  the  diftance  of  the  Power  ; 
but  as  we  fuppofe  that  it  is  able  to  Move  it,  it  muft  of  con- 
fequence  have  a  greater  Ratio  to  the  Weight,  than  the  Space 
AD  has  to  the  §pace  BE  ;  fo  that  if  the  Power  be  a  great 
deal  lefs  than  the  Weight,  fo  muft  AC  the  diftance  of  the 
Weight  be  reciprocally  a  great  deal  lefs  than  BC  that  of  the 
Power  ;  and  confequently  the  Space  AD,  which  the  Weight 
goes  thro’,  muft  be  a  great  deal  lefs  than  the  Space  BE,  which 
the  Power  goes  thro’;  becaufe  the  Arches  AD,  BE,  which 
meafure  the  equal  Angles  ACD,  BCE,  are  limilar,  and  éon- 
feqiicntly  as  their  Radii  AC,  BC. 

Whence  we  may  eafily  conclude,  that  the  Power  runs  thro* 
a  greater  Space  than  the  Weight,  proportionably  as  it  is  lefs 
than  the  Weight  ;  becaufe  the  lefs  the  Power  is,  the  greater 
muft  its  Diftance  BC  be,  to  enable  it  to  move  the  Weight, 
which  muft  after  the  fame  manner  encreafe  the  Space  BE, 
which  it  runs  thro*.  So  that  if  the  diftance  BC  is,  for  Ex¬ 
ample,  Ten  Times  greater  than  the  diftance  AC,  like  wife  the 
Space  BE  of  the  Power  will  be  Ten  Times  greater  than  the 
Space  AD  of  the  Weight;  becaufe,  as  we  have  already  faid, 
the  Two  Arches  AD,  BE,  being  Similar,  are  to  one  ano¬ 
ther  as  thcit  Radii  AC,  BC.  Whence  it  follows,  that  the 
Power  will  be  Ten  Times  as  long  in  moving  the  Weight,  by 
means  of  the  Leaver  AB,  as  it  wou’d  be  in  moving  it  with¬ 
out  a  Leaver. 

Thus  you  fee,  that  if  on  the  one  Hand,  your  Force  be  en- 
creas’d  by  applying  the  Power  farther  from  the  fix’d  Point, 
on  the  other  Hand  you  lofe  fomething  of  the  Space,  or  of  the 
Time.  So  that  if  you  can  raife  a  Body  of  100  Pound  Weight 
with  the  Leaver  AB,  the  Po  wer  being  at  B,  and  the  Weight 

at 
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at  A;  you  may  likewife  raifc  200  Pound  Weight  applied 
at  A,  if  you  double  BC  the  diftance  of  the  Power;  but  Fig.  2"*. 
you  take  off  thus  half  the  Gravity  of  the  Weight,  you  muft  ^ 
employ  as  much  more  Time  in  the  Operation,  becaufe  in 
this  Suppolîtion  the  Power  muft  run  thro’  a  greater  Space. 

Hence  it  is  plain,  that  f  the  Farther  the  Power  moves,  the 
Greater  is  its  Force,  which  happens  not  only  in  the  Leaver, 
but  alfo  in  all  the  other  Engines,  as  you  will  fee  in  the  Se¬ 
quel  :  And  it  is  by  this  Principle  of  Velocity  and  Space  that 
GciliUus  and  Cdrtefius  have  explain’d  the'ElFeft  of  Mechanical 
Engines  ;  and  tho’  this  Principle  does  not  fatisfy  the  Mind 
enough  to  ferve  for  a  Demonftration,  yet  we  have  no  reafon 
to  doubt  of  it  after  what  we  have  faid  hitherto,  and  what  we 
lhall  fay  concerning  the  other  Engines. 

SCHOLIUM. 

« 

Becaufe  the  Leaver  palTes  thro’  the  Center  of  Gravity  of 
the  Weight,  it  is  evident  that  the  Force  of  the  Powder  will 
be  alike  in  all  Polirions  ;  that  is,  that  the  Pow’^er  will  weigh  no 
more  upon  the  Horizontal  Leaver  AB,  than  upon  the  In¬ 
clin’d  one  DE  :  But  this  will  not  hold  when  the  Leaver  does 
not  pafs  thro’  the  Center  of  Gravity  of  the  Weight,  as  yon 
will  fee  in  the  Two  following  Propolîtions,  ;  ^ 

PROPOSITION  IV. 

.  THEOREM. 

If  a  Power  whofe  Line  of  DireSiion  is  perpendicular 
to  a  Leaver^  hears  up  by  means  of  that  Leaver  a 
Weight  ^  vdhofe  Center  of  Gravity  is  above  the 
Leaver^  it  muft  he  greater  to  hear  it  ttp^  when  the 
Leaver  is  Horizontal^  than  when  it  is  JncVtrid^ 
and  the  Weight  rais'd ^  and  greater  yet  when  the 
Weight  is  lower. 

I  Say  that  a  Power  { which  has  its  Line  of  Direftion  perpen-  Fig.  24. 

dicular  to  a  Leaver,  and  which  by  the  help  of  that  Lea¬ 
ver,  whole  fix’d  Point  is  C,  fuftains  a  Weight  apply’d  to  the 
Leaver  in  fuch  manner  that  its  Center  of  Gravity  O  be  above 
the  Leaver)  fuftains  that  Weight  with  more  difficulty  when 
the  Leaver  is  Horizontal,  as  at  AB,  than  when  it  is  Inclin’d, 

^ThaUsyhe  greater  the  Velocity  of  the  Power  is ^  inrefped  of  that  of 

she  Weight, 

and 
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Plate  3. and  the  Weight  rais’d  up,  as  DE,  and  with  mofi:  difficulty 
jp^v.j^'when  the  Weight  is  let  down  as  atFG;  That  is,  fuppofing 
^’everything  elfe  equal,  a  greater  Force  is  requir’d  for  the 
Power  to  fuftain  the  Weight  O,  when  the  Leaver  is  in  the 
Pofition  AB,  then  when  it  is  in  the  Pofition  DE,  and  a  greater 
Force  ftill  when  the  Leaver  is  in  the  Pofition  FG. 

^  DEMONSTRATION. 


Becaufe  OI  the  Line  of  Direftion  of  the  Weight  cuts  the 
Leaver  at  I,  which  is  farther  from  the  Ftdcrum  C  in  the  Lea¬ 
ver  FG  than  in  the  Leaver  AB,  and  farther  yet  in  this  Leaver 
than  in  the  Leaver  DE  ;  confidering  the  Weight  as  if  it  was 
apply’d  at  I,  it  has  lefs  Force  downwards  in  the  Leaver  DE 
than  in  the  Leaver  AB,  and  lefs  ftill  in  the  Leaver  AB  than 
in  the  Leaver  FG,  and  confequently  may  be  kept  in  MciuilU 
brio  with  a  lefs  Weight  applied  to  the  Leaver  DE,  than  to 
the  Leaver  AB  ;  and  a  lefs  ftill  when  applied  to  the  Leaver 
^  AB,  than  to  the  Leaver  FG,  if  fo  be  that  the  Line  of  Direftion 
of  that  Weight  is  perpendicular  to  the  Leaver  ;  becaufc  the 
diftance  of  that  Weight  from  the  fix’d  Point  C  remains  al¬ 
ways  the  fame. 

SCHOLIUM. 

This  Theorem  holds  alfo  when  the  Line  of  Dire£l:ion  of 
the  Power  is  perpendicular  to  the  Horizon,  as  if  a  Weight 
was  to  hang  freely  in  the  place  of  the  Power;  becaufe  tho’ 
by  reafon  of  the  different  pofition  of  the  Leaver,  the  diftance 
of  the  Power  alters  as  well  as  that  of  the  Weight;  yet  it 
does  not  alter  in  the  fame  proportion  ;  As  for  Example,  if 
CK  the  diftance  of  the  Weight  becomes  lefs  in  the  Leaver 
DE,  the  diftance  CL  of  the  Power  will  not  grow^  lefs  pro- 
portionably;  fo  that  if  in  the  Leaver  AB,  the  diftance  BC  of 
the  Power  be,  for  Example,  twice  the  diftance  Cl  of  the 
Weight  ;  in  the  Leaver  DE,  the  diftance  CL  of  the  Power 
wdll  be  more  than  twice  CK  the  diftance  of  the  Weight;  be¬ 
caufe  Cl,  in  this  Leaver,  is  lefs  than  Cl  in  the  Leaver  AB  ; 
and  in  the  fimilar  Triangles  CLE,  CJK,  the  Hypotenufe  CE 
contains  as  often  the  Hypotenufe  Cl,  as  the  fide  CL  con¬ 
tains  the  fide  CK:  And  as  CE  contains  Cl  more  times  in 
the  Leaver  DE,  than  BC  equal  to  CE  contains  Cl  in  the  Lea¬ 
ver  AB  ;  fo  alfo  CL  contains  CK  more  times  than  BC  coii” 
tains  Cl  ;  whence  it  happens  that  CL  muft  be  more  than 
twice  CK,  and  confequently  the  Power  has  more  Force  when 
apply ’d  at  E,  than  when  apply’d  at  B, 
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PROPOSITION.  V. 
THEOREM, 

If  a  Tower  whoje  Line  of  DireBion  is  perpendicular 
to  a  Leaver^  hy  means  of  that  Leaver  bears  up  a 
Weighty  whofe  Center  of  Gravity  is  below  the 
Leaver^  it  muB  be  lefs  to  ^Equiponderate  when 
the  Leaver  is  Horizontal  than  when  it  is  Inclin'd 
and  the  JVeight  rais'd^  and  yet  lefs  when  the 
freight  is  lower. 

ISay,  That  the  Power,  (  whofe  Line  of  Dlreftlon  Is  perpen- 
dicular  to  a  Leaver,  and  which  by  means  of  that  Leaver, 
whofe  Fulcrum  is  C,  fuftains  a  Weight  apply’d  to ’the  Leaver  " 
in  fuch  manner,  that  the  Center  of  Gravity  O  lies  below  it) 
fuftai ns  the  Weight  with  lefs  difficulty ,  when  the  Leaver  is 
Horizontal,  as  AB,  than  when  it  is  Indin’d  and  the  Weight 
rais’d  up,  as  at  DE  ;  and  ftill  with  lefs  difficulty  when  the 
Weight  is  let  down,  as  at  FG  :  that  is,  fuppofing'évery  thing 
elfe  equal,  a  lefs  Force  is  requir’d  for  the  Power  to  fufiain 
the  Weight  O,  when  the  Leaver  is  in  the  pofition  AB,  thaii  • 
when  it  is  in  the  pofition  DE  ;  and  a  lefs  ftill  when  it  is  ill 
the  pofition  FG. 

DEMONSTRATION. 

\  * 

Becaufe  the  Line  of  Direflrion  OI  cuts  the  Leaver  at  Î , 
which  is  nearer  to  the  Fulcrum  C  in  .the  Leaver  FG  than  in  the 
Leaver  AB,  and  nearer  yet  in  tlijs  Leaver  than  in  the  Leavej: 

DE  ;  therefore  if  you  confider  the  Weight  as  apply’d  at  T, 
it  will  have  more  Force  downwards  in  the  Leaver  DE  than 
in  the  Leaver  AB  ;  and  more  ftill  in  this  Leaver  than  in  the 
Leaver  FG,  and  confequently  it  can  keep  an  Mquilibrmjn  with 
a  greater  Weight  apply^d  to  the  Leaver  DE,  than  to  the  Lea- 
r  ver  AB  ;  and  a  greater  yet  apply’d  to  this  Leaver  AB,  than  to 
I  the  Leaver  FG,  if  fo  be  that  the  Line  of  Direftmn  of  that 
'  Weight,  which  is  inftead  of  a  Power,  is  perpendicular  to 
I  the  Leaver,  becaufe  the  Diftance  of  that  Power  from  the 

t  fix’d  Point  C,  will  always  be  the  fame. 

*. 

SCHOLIUM. 

This  Theorem  holds  alfo,  when  the  Line  of  Direflion  of 
t  the  Power  is  perpendicular  to  the  Horizon,  as  if  in  the 
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place  of  the  Power  a  Weight  ihou’d  hang  freely  from  the 
end  of  the  Leaver  ;  becaufe,  tho’  by  reafon  of  the  diiFerent 
pofition  of  the  Leaver,  the  diftance  of  the  Power  alters, 
as  well  as  that  of  the  Weight,  yet  it  is  not  alter’d  in  the 
fame  proportion  :  as  for  Example,  if  CK  the  diftance  of  the 
Wéight  becomes  lefs  in  the  Leaver  DE,  CL  the  diftance  of 
the  Power  will  not  become  proportionably  lefs;  fo  that  if  in 
the  Leaver  AB,  the  Diftance  BG  of  the  Power  be,  ffor 
ExampO  twice  Cl  the  Diftance  of  the  Weight,  in  the  Leaver 
DE,  the  Diftance  .CL  of  the  Power  will  not  be  quite  double 
the  Diftance  CK  of  the  Weight;  becaufe  Cl  in  this  Leaver 
is  greater  than  Cl  in  the  Leaver  AB,  and  in  the  Similar  Tri¬ 
angles  CLE,  CKI,  the  Hypotenufe  CE  contains  the  Hypo- 
tenufe  ÇI  as  many  times  as  the  fide  CL  contains  the  fide  CK  : 
and  as  CE  does  not  contain  Cl  of  the  Leaver  DE  fo  many 
times  as  BC,  which  is  equal  to  CE,  contains  Cl  in  the  Leaver 
AB  ;  fo  alfo  CL  does  not  contain  CK  fo  many  times  as  BC 
contains  Cl  ;  whence  it  is  plain  that  CL  is  lefs  than  twice 
CK,  and  confequently  the  Power  has  lefs  Force  when  at  E, 
than  when  at  B,  &c. 

PROPOSITION  VI. 
THEOREM. 

If  two  Towers  lear  up  a  Weight  with  a  Leaver  par* 
aliel  to  the  Horizon  i  That  which  is  near  eft  the 
Weighty  will  hear  a  greater  part  of  it  than  That 
which,  is  farther  from  it, 

* 

ISay  that  if  the  two  Powers  apply’d  at  the  ends  A,B,  of 
the  Leaver  AB  parallel  to  the  Horizon,  fuftain  the  Weight 
EF,  whofe  Line  of  Direffion  is  CD,  which  goes  thro*  its 
Center  of  Gravity  D,  the  Power  at  A  which  is  neareft  to 
the  Weight,  fuftains  a  greater  part  of  that  Weight,  than 
the  Power  at  B,  which  is  farther  from  it. 

DEMONSTRATION. 

The  Power  being  at  A,  the  point  B  may  be  look’d  upon 
as  the  Fulcrum^  and  likewile  the  Power  being  at  B,  the  point 
A  is  to  be  look’d  upon  as  the  Tukrumy  and  in  that  Leaver  of 
the  Second  Kind,  you  will  find,  by  Prep.  i.  that  the  Power 
at  A  :  is  to  the  Weight  EF  ;  :  as  BC  the  Diftance  of  the 
Weight:  is  to  AB  the  Diftance  of  the  Power  ;  and  likewile 
that  the  Power  acB:  is'  to  the  Weight  EF;;  as  AC  the 

Diftance 
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Dîftance  of  the  Weight  :  to  AB  the  Diftance  of  the  Power,  * 
Whence  it  is  eafy  to  conclude,  by  changing  thefe  Two  A-  p- 
nalogies,  that  the  Power  at  A  :  is  to  the  Power  at  B  :  :  as  ^ 

BC:'  is  to  AC  ;  and  becaufe  BC  is  greater  than  AC,  fo  alfo 
will  the  Power  at  A  be  greater  than  the  Power  at  D.  êl^E.Di 

COROLLARY. 

The  Met'hod  of  finding  out  what  part  of  the  Weight  ea:ch 
Power  fuftains  is  a  confequence  of  the  foregoing  Propofition, 
if  the  Weight  be  known,  as  well  as  the  length  of  the  Leaver, 
and  AC,  BC,  theDiftances  of  the  Powers  :  as  for  Example^  If 
the  Diftance  AC  be  Two  Foot,  and  the  Diftance  BC  Three 
Foot,  fo  that  the  Leaver  AB  be  Five  Foot  long,  and  the 
Weight  EF  of  60  Pounds  ;  you  muft  cpnfider  that  fince  the  ’  . 
Power  at  A;  is  to  the  Power  at  B  ::  asBC;  is  toAC:  by 
Cowpojition,  the  Sum  of  the  two  Powers,  or  the  Weight  EF, 
which  is  of  60  Pounds  ;  will  be  to  the  Power  at  B  :  :  as  AB 
the  Length  of  the  LcaV:er,  füppos’d  of  Five  Foot  :  to  the 
Diftance  AC,  Which  has  been  fuppos’d  of  T  wo  Foot  :  where¬ 
fore  if  to  thefe  Three  Numbers  5;  2:/  60:  a  Fourth  pro¬ 
portional  be  found,  you  will  have  24  Pounds  for  the  Power 
at  B,  and  if  you  fubftraft  thefe  24  Pounds  from  the,  whole 
Weight  EF,  or  from  60  Pounds,  you  will  have  3<>  Pounds 
left  for  the  Power  at  A. 

/  •  i 


CHAPTER,  nr. 

.  ,  Of  tie  PaUey.' 

*  *  '  .V  ■  -  ^  i 

A  Pulley  isa  Wheel  of  Wood  or  Metal,  as  AB,  moveable  a®  27, 
bout  a  fmallAxel  which  goes  thro’  the  middle  of  it,  call’d 
ihs  Confer  or  Center~Pin  (in  French  Goujon)  by  Handy- Crafts 
Men,  to  which  we  allow»^  no  Thicknefs  in  the  Theory.  It  is 
fix’d  in  a  piece  of  Wood  or  Iron,  as  CD,  call’d  the  Box, 

(in  French  Echarpe^  Chape,  Moufle  znà  Palan  \  and  in  Latin  Fj]g’,  2^» 
Trochlea,)  tho’  the  French  ufually  call  Moufle  feveral  Sheevers 
or  Wheels  in  the  fame  Box  upon  the  fame  Axel,  which  we 
call  in  Englifti  a  Pulley;  or  when  Two  of ’em  arc  us’d,  a  Pair 
«f  Blocks  ;  and  a  fingle  Wheel  or  Pulley,  as  Fig.  27.  a  Snatch» 

Block,  This  Engine  is  of  great  Force  by  means  of  a  Rope, 

(which  is  kept  about  each  Wheel  by  a  Groove  wdtich  con¬ 
fines  it  to  the  Sheevers,)  and  faften’d  at  one  end  to  thp. 
Weight  that  is  to  be  rais’d  or  fuftain’d,  and  drawn  at  th® 

®thcr  end  by  the  Power. 
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PROPOS  IT, I  Û  N  L 

THEOREM. 

IVhen  a  Tower  fu/iains  or  draws  a  Weight ly  means  of 
fever aVPuUeysj  Each  TuUey  over  which  the  Rope 
goes^  is  equivalent  to  a  Leaver  of  the  Firfl  Kind  ; 
and  Each  TuUey  under  which  the  Rope  goes^  is 
equivalent  to  a  Leaver  of  the  Second  Kind. 

LE  T  the  Pulley  BC  be  faften’d  by  its  Box  to  the  Ex^d 
Point  A,  and  let  CD  be  a  Rope,  which  going  over  this 
Pulley,  comes  back  under  the  Pulley  EF,  which  fuftains  the 
Weight  H,  faflen’d  to  its  Box  G.  Let  the  fame  Rope  again 
go  over  the  Pulley  IK,  to  whofe  Box  it  is  fix’d  atN,  after  it 
has  gone  under  the  Fourth  Pulley  LM.  Now  in  this  cafe  I 
fay,  that  each  of  the  Pulleys  BC,  IK,  over  which  the  Rope 
goes,  is  equivalent  to  a  Leaver  of  the  Firft  Kind  ;  and  that 
each  of  the  Pulleys  JE F,  LM,  under  which  the  Rope  goes, 
reprefents  a  Leaver  of  the  Second  Kind. 

DEMONSTRATION. 

I , 

Becaufe’each  of  the  Pulleys  BC,  IK,  LM,  EF,  is  Moveable’ 
about  its  Center,  and  that  part  of  the  Rope,  which  is  of  the 
fame  fide  as  the  Power  draws  downwards,  by  caufing  the 
Wheel  to  turn  about  its  Center  O  ;  That  Center  O  may  be 
confider’d  as  the  Center  of  Motion  of  a  Leaver  of  the  Firft 
Kind,  which  would  be  the  Line  BC  or  IK,  which  palfes  thro* 
the  Center  O,  and  alfo  thro’  the  points  where  the  Rope 
touches  the  Circumfererice  of  the  Pulley  on  each  fide;  for 
it  is  plain  that  fuch  a  Leaver  wou’d  have  juft  the  fame  effeft 
as  the  Pulley  ;  that  part  of  the  Rope  which  is  towards  the 
Power  and  draws  downwards,  as  CD,  and  KF,  being  taken 
for  the  Power;  and  the  other  part  BE,  and  IL  which  oppofes 
that  Motion,  by  reafon  of  the  Gravity  of  the  Weight  H,  be¬ 
ing  taken  for  a  Weight  ;  which  in  luch  a  cafe  is  equal  to  the  . 
Power  ;  becaufe  the  Weight  and  the  Power  are  equally  di- 
ftant  from  the  Center  of  Motion  O. 

Befides  >  The  Union  of  all  thefe  Pulleys,  by  means  of  the 
Rope  which  comes  round  them  all,  caufes  the  part  of  the 
Rope  BE  to  draw  Upwards,  whilft  the  Power  at  D  draws  the 
part  of  the  Rope  DC  Downwards,  to  fuftain  or  raife  the 
Weight  H,  which  makes  the  Pulley  EF  equivalent  to  a  Lea¬ 
ver  of  the  Second  Kind,  fuch  as  wou’d  be  the  right  Line  EF, 
whofe  fix’d  Point  wou’d  be  at  F,  the  Weight  at  O,  and  the 

Power 
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Power  at  E,  its  Line  of  Direftion  being  BE.  Likewife  the  ^late  4 
part  IL  of  the  faid  Rope  drawing  Upwards,  caufes  the  Pulley  Fig,.2g 
LM  to  be  alfo  equivalent  to  a  Leaver  of  the  Second  Kind, 
fuch  as  wou’d  be  the  Line  LM,  whofe  fix’d  Point  wou’d  be 
at  M,  the  Weight  at  O,  and  the  Power  at  L,  the  Line  of  Di-  • 
reftion  being  the  Line  IL.  Thus  you  fee  that  each  of  the 
Upper  Pulleys  BC,  IK,  over  which  the  Rope  goes,  is  a  Lea¬ 
ver  of  the  Firft  Kind  ;  and  each  of  the  Lower  Pullèys  LM, 

EF,  under  which  the  Rope  goes,  is  a  Leaver  of  the  Second 
Kind. 

SCHOLIUM. 

Since  the  Upper  Pulleys  are  Leavers  of,  the  Firft  Kind,  , 
whofe  fix’d  Point  is  in  the  middle,  it  is  plain  that  the  Power 
is  equal  to  the  Weight,  and  therefore  that  fuch  Pulleys  con¬ 
tribute  nothing  to  the  encreafing  of  the  Force,  but  only 
facilitate  the  Motion  by  hindering  the  Ropes  from  Sticking/ 

But  as  the  Diameter  of  each  Lower  Pulley  is  as  a  Leaver 
bearing  upon  one  end  and  rais’d  at  the  other,  it  is  eafy  to 
underftand,  that  by  fuch  a  Pulley  the  Force  is  doubled,  be- 
caufe  the  Diftance  of  the  Power  is  double  that  of  the  Weight, 
as  we  ftiall  fay  more  particularly  hereafter. 

P  R  O  P  O  S  I  T  I  O  N  IL 
THEOREM. 

a  Tower  hears  up  a  Weight  ly  means  of  fe^ 
veral  TuUeys^  all  the  Tarts  of  the  Rope  are  equally 
Stretch'd, 

SUppofe  that  a  Power  apply ’d  atD,  fuftains  the  Weight 
H,  by  means  of  the  Four  Pulleys  EC,  IK,  LM,  EF,  the 
two  Firft  of  which  as  BC,  IK,  are  Leavers  of  the  Firft  Kind, 
and  the  tw®  others  LM,EF,  are  Two  Leavers  of  the  Second 
Kind,  bjProp,  i.  whofe  Uppermoft  BC,  w'hich  is  joyn’d  to  the 
others,  by  means  of  the  Rope  which  comes  round  them  all, 
is  fatten’d  to  fome  fix’d  thing  by  its  Hook  A.  I  fay,  that  in 
fuch  a  cafe  all  the  Parts  of  the  Rope  are  Equally  ftretch’d. 

DEMONSTRATION. 

It  is  already  evident,  that  the  Two  Parts  CD,  BE,  are 
Equally  Stretch’d,  becaufe  the  Pulley  BC  being  a  Leaver  of 
the  Firft  Kind,  whofe  fix’d  Point  is  in  the  middle  O,  the 
Power  at  C  and  the  Weight  at  D  are  equal,  which  makes, 
the  part  CD  of  the  Rope  to  be  drawn  by  the  Power  with 
the  fame  force  that  the  part  BE  is  drawn  by  the  Weight,  and 
çonfequently  thofc  two  parts  are  Equally  Stretch’d.  It  is  fo 

C  5  like*» 
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Plate  4,  lîtewîfc  of  the  two  parts  IL,  KF,  which  are  fix’d  to  the  ends 

fig,  29.  of  the  Leaver  IK,  which  is  likewife  of  the  Firft  Kind, 

It  is  alfo  plain,  that  the  two  parts  BE,  KF,  which  arc  ap* 
ply’d  to  the  ends  of  the  Leaver  EF,  by  means  of  which  they 

•  fuftain  the  Weight  H  hanging  from  G,  which  anfwcrs  to  the. 
middle  of  that  Leaver,  are  Equally  Stretch’d,  becaufe  if  one 
of  ’em,  (BE  for  Examp J  which  draws  Upwards,  was  more 
Stretch’d  than  the  other  KF  which  draws  Downwards,  it 
^vou’d  draw  up  the  Weight  H  and  put  it  into  motion,  which 
Is  contrary  to  the  S^pofition,  becaufc  we  have  fuppos’d  that 
the  Power  cou’d  fuffain  the  Weight  ;  that  is,  that  the  Power 

,  and  the  Weight  are  in  Æ(^mlibvîo,  by  the  fame  Reafoq  it  ap¬ 

pears  that  the  Two  Parts  IL,  MN,  are  Equally  Stretch’d  ; 
Whence  it  is  eafy  to  conclude,  that  All  the  Parts  of  the  Rope 
are  Equally  Stretch’d.  êl.E.D. 

COROLLARY. 

From  this  Propofitiori  it  is  eafy  to  conclude,  that  fince  All 
the  Parts  of  the  Rope  are  Equally  Stretch’d  ;  Thofe  that  are 
apply’d  to  the  Lower  Pulleys,  which  are  Leavers  of  the  Se¬ 
cond  Kind,  'uisL.  the  Four  BE,  KF,  IL,  MN,  carry  Equal  Parts 
of  the  Weight  H,  which  they  fuftain. 

PROPOSITION  III. 

THEOREM. 

^  T^ovûçy  hears  up  a  fVeight  hy  fneans  of  fe^ 
veral  TuUeys,,  the  Tower  is  Juch  a  Tart  of  the 
JVeight,,  as  Cïne  is  of  the  Number  of  the  Tarts 
(ff  the  Rope  applied  to  the  Lower  TuUejs, 

so  T  That  if  a  Power  apply’d  at  D,  fuftains  the  Weight 

*  JL  H,  by  means  of  the  Four  Pulleys  BC,IK,LM,EF,  the  Firft 
of  which  is  hook’d  to  the  Point  A;  fuch  a  Power  is  the 
Fourth  Part  of  the  Weight  H  ;  becaufe  there  are  Four  Parts 
of  the  Rope,  viz..  BE,  KF,  IL,  MN,  apply’d  to  the  Lower 
Pulleys,  EF,  LM,  which  are  Leavers  of  the  Second  Kind,  as 
has  been  fliewn. 

DEMONSTRATION. 

Plate  4.  Since,  by  the  Corollary  of  the  foregoing  Propoficion,  all 
2p.  the  Parts  of  the  Rope,  apply’d  to  the  Lower  Pulleys  fuftain 
equal  parrs  of  the  Weight,  it  follows  by  reafon  of  the  Four 
Ropes,  that  Each  of  them  fuftains  the  Fourth  Part  of  the 
Weight,  and  that  confequently  the  Rope  CD,  whofc  Force 
is  equal  to  the  Refinance  at  B  from  the  Gravity  of  the 
Weight,  fuftains  the  Fourth  Part  of  the  faid  Weight  exaftly  ; 
that  is,'  tho  Power  a:  D  is  the  Fourth  Part  of  the  Weight  H. 
4^-^»  COROL- 
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COROLLARY. 

From  this  Propofition  it  is  evident,  chat  if  the  Number  plate  ^ 
the  parts  of  the  Ropes  apply’d  to  the  Lower  Pulleys,  and  alfo  p*-  ^ 
the  Weight  H  be  Given  or  Known ,  the  Power,  which  ** 
fuftains  it  by  means  of  thefe  Pulleys  is  alfo  Known^  as  here 
it  is  equal  to  the  Fourth  part  ,of  the  Weight  ;  fo  that  if 
this  Weight  be,  for  Example,  of  aoo  Pounds,  the. Power 
will  be  of  about  50  Pounds  :  I  have  faid  about^  becaufe  it 
ought  here  to  be  fomething  more,  by  reafon  of  the  Scickage 
of  the  Rope,  and  the  Gudgeons  or  Center-Pins,  of  their 
Weight,  and  the  Weight  of  the  Pulleys  ;  for  it  is  certain 
that  all  thefe  things  encreafe  the  Weight  of  H,  and  lefTen 
the  Force  of  the  Power  ;  but  this  is  nothing  in  comparifon 
of  the  Force,  which  is  gain’d  by  the  lower  Pulleys, 

SCHOLIUM, 

As  the  Upper  Pulleys,  (which  are  unmoveable,  being  in  • 
the  fame  Box,  faften’d  up  to  the  point  A,  and  which  are, 
as  has  been  IKewn,  Leavers  of  the  Firft  Kind,)  ferve  only 
to  hinder  the  fretting  of  the  Rope,  and  to  facilitate  its  mo¬ 
tion,  without  multiplying  the  force  ;  you  may  only  make  ufe  pîg^ 
of  the  Lower  P  ulleys,  ( which  are  moveable,  and  Leavers  of 
the  Second  Kind,  as  has  been  alfo  fliewn)  after  the  manner  re- 
prefented  in  this  Figure,  which  is  no  fooner  leen  but  under- 
ftood  ;  for  one  may  eahly  fee  that  all  the  Ropes  which  are 
faften’d  to  the  points  C,D,E,F,  of  the  Wall  AB,  and  which 
fuftain  the  Piilleys  G,  H,  I,  K,  and  by  their  help  the  Weight 
L  tied  to  the  middle  of  G  the  loweft  of  them,  communicate 
with  the  unmoveable  Pulley  M  fix’d  to  N  with  its  Hook, 
over  which  the  Rope  goes,  which  is  drawn  downwards  by 
the  Power  at  O,  which  in’ this  cafe  is  the  Sixteenth  part  of 
the  Weight,  becaufe  there  are  Four  moveable  Pulleys,  and 
by  each  of  ’em  the  Weight  lofes  half  of  its  refiftance,  be¬ 
caufe  they  are  Leavers  of  the  Second  Kind. 

After  the  fame  manner  one  may  know,  that  the  Power  at 
A  is  but  the  Eight  part  of  the  Quantity  made  up  of  the  ^ 
Four  equal  Weights  B,C,D,E,  which  it  fupports  by  means  of 
the  Four  Moveable  Pulleys,  F,G,H,I,  and  the  Four  Unmove- 
able  ones  K,  L,  M,  N,  which  arc  united  with  the  Four  Firft 
F,G,H,I,  by  means  of  the  Rope  fatten’d  to  the  fix’d  Point  O, 

»  C  4  •  P  R  Ô» 
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.  PROPOSITION  IV. 

THEOREM. 

As  much  as  the  Tower  gains  in  Force,  when  it  moves 
a  JVeight  hy  means  of  jeveral  TuUeys  ;  fo  much  it 
lojeth  in  Time  and  Space. 

K 

Plate  a-.  ^  Power  apply’d  at  A,  which  draws  the  Rope 

3 1.  O  downwards  towards  R,  to  raife  up  the  Weights  B,C,D,E, 
*  or  the  Box  PQ  to  which  they  are  tied,  I  fay  that  in  fuch  a 
cafe,  the  Power  will  run  thro*  a  Great  Space,  whilft  the 
.^Weight  goes  thro’  a  fmall  Space;  that  is,  the  Power  will 
draw  a  great  deal  of  Rope,  to  raife  the  Weight  but  a  little 
Way  ;  fo  that  to  raife  the  Weight  One  Foot,. for  Example, 
the  Power  in  this  Engine  muft  go  down  Eight  Foot,  becaufe 
Eight  parts  of  the  Rope  are  apply’d  to  the  lower  Pulleys. 

DEMONSTRATION. 

• 

In  the  Ufe  of  Pulleys,  as  in  the  Ufe  of  the  Leaver,  the 
'  Space  which  the  Weight  runs  thro’:  is  to  the  Space  which 
the  Power  runs  thro’;  ;  as  the  Power  :  to  the  Weight  ;  or  as 
the  Number  One  :  is  to  twice  the  Number  of  the  lower 
Pulleys;  becaufe  the  Weight  cannot  be  rais’d,  for  Example, 
.one  Foot,  unlefs  each  Rope,  which  is  apply’d  to  the  lower 
Pulleys,  be  fhorten’d  One  Foot,  and  confequently  all  of  them 
together  Eight  Foot,  becaufe  they  are  Eight  in  Number  ;  and 
this  cannot  happen  unlefs  the  Power  draws  Eight  Foot  of 
Rope  from  A  towards  R.  ^E.  D, 

SCHOLIUM, 

Thus  you  fee,  that  in  this  Engine  as  well  as  in  the  Leaver, 
this  general  Law  of  Mechanicks  is  obferv’d,  namely,  that 
the  more  Velocity  the  Power  has  the  greater  is  its  Force  pro- 
portionably,  which  is  obfervable  in  the  Wheel  that  draws  by 
its  Axel,  as  will  appear  in  the  following  Chapter. 


CHAR 
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C  H  A  P  T  E  R  IV. 

Of  the  Wheel  hy  its  Axeh 

The  in  th»  Whselj  (in  Latin  d^xis  înVerîtrochîo) 

and  the  common  Turn-Barrel^  is  a  Wheel,  as  AB  with^'*^*  3** 
a  Cylindrical  Axel  as  CD,  call’d  the  Tympamim^  Tumbrel^  Bar-» 
rel^  or  Wallow,  &c.  that  palTes  thro’  it  at  right  Angles,  which 
together  with  its  Axel  CD  is  moveable  about  it  Center  C. 

About  this  Axis  is  a  Rope  wound,  being  firft  faftned  to  it, 
which  carries  the  Weight  E,  and  draws  it  when  the  Axel  is 
made  to  turn  by  means  of  the  Wheel,  which  has  fmall  Teeth 
that  it  may  be  mov’d  the  ealîer,  or  a  Handle  as  G,  when  the 
Power  afts  on  the  Circumference  of  the  Wheel. 

It  is  plain  that  this  Engine  is  nothing  but  a  Leaver  perpe¬ 
tually  turn’d  round,  wdiich  is  reprefented  by  any  one  of  the 
Spokes  of  the  Wheel  as  CH.  It  is  call’d  a  Turn  (in  French 
Tour)  only  when  its  Axel  CD  being  fupported  by  two  pieces 
of  Timber  turn  Horizontally,  and  the  Wheel  AB  Vertically, 
as  is  ufual  to  draw  Stone  out  of  Quarries,  Water  from  deep 
Wells,  or  to  let  down  Men  into  Mines,  andfometimes  to  draw 
up  Coal  or  Oar:  for  the  Axis  is  fometimes  Vertical  and  the 
Wheel  turns  Horizontally,,  as  when  it  is  us’d  CO  draw  Water 
out  of  Places  that  you  wou’d  Build  in,  or  out  of  Mines,  *  Then  it  is 
&c.  All  the  Engines  which  are  contriv’d  to  raife  Burthens 
from  the  Ground  with  the  Axel  in  the  Wheel,  are  call’d  by  aml^ 

the  common  name  of  Rolls  or  Winds  :  in  French  Guindas, 

*  # 

PROPOSITION!. 

THEOREM. 

If  a  ÎV °jght  is  rais'd  hy  means  of  a  WbeeJ^  {which 
with  its  Axel  moves  round  its  Center')  hy  a  Tower'  • 
whofe  Line  of  Dire Bion  touches  the  Circumference 
of  the  faid  JVheel;  the  Power  :  will  he  to  the 
IVeight  ::  as  the  Radius  of  the  Axel:  is  to  the 
Radius  of  the  IVheeL 

LE  T  ABGD  be  a  Wheel  Rrongly  fix’d  to  its  Axel,  fo  \:\\XtTlate 
together  with  it,  it  may  turn  about  the  Center  O,  as  youF/|f  34. 
may  fee  in  the  Circle  EFG,  its  Profil  Let  the  Power  be 
'  .  .  •  -  apply ’d 


4^  ^  Treatife  of  Mechanicks,  Book  I. 

$,  apply’d  at  any  place  of  the  Circumference  df  this  Wheel,  as 
54- at  A,  in  fuch  manner  that  its  Line  of  Direction  AH  may 
couch  the  Circumference,  and  confequently  the  Angle  HAO 
may  be  Right;  and. that  drawing  downwards  it  may  fuftain 
the  Weight  I,  which  hangs  from  the  end  of  a  Rope  faften’d 
at  the  other  end  to  EFG,  the  Circumference  of  the  Axel. 
I  fay,  that  in  fuch  a  oafe,  the  Power  at  A,  or  at  H  ••  is  to 
the  Weight  I  :  ;  as  OG  the  Rt^dius  of  the  Axel  to  AO  the 
Radius  oS  the  Wheel. 

DEMONSTRATION. 

It  is  plain,  that  if  by  Thought  you  take  away  all  the 
parts  of  the  Wheel,  except  the  AO,  this  AO 
will  aft  after  the  fame  manner  as  the  Wheel  wou’d,  if  the 
Line  of  Direftion  AH  is  always  perpendicular  to  it ,  and 
then  that  Line  or  Inflexible  Radius  AO,  or  AOG,  will  in  no 
wdfe  differ  from  a  Leaver  of  the  Firft  Kind  ;  whofe  fix’d 
Point  is  at  the  Center  O,  with  the  Power  at  A  one  of  its 
ends,  and  the  Weight  at  G  the  other  end  ;  and  it  has  been 
demonftrated,  by  Prop.  i.  of  the  Leaver  ^  that  the  Power  at  A  ; 
is  to  the  Weight  I,  apply *d  at  G;:  as  OG,  the  Diftance  of 
the  Weight  :  is  to  AO,  the  Diftance  of  the  Power  ;  that  is, 
as  the  Radius  of  the  Axel  :  is  to  the  Radius  of  the  Wheel, 

SCHOLIUM. 

From  this  Propofition  it  is  plain,  that  as  Much  as  the  Ra^ 
dius  of  the  Wheel  is  greater  than  the  Radius  of  the  Axel  ;  Ib 
Much  is  the  Force  of  the  Power  encreas’d  ;  always  fuppofing 
the  Line  of  Direftion  of  the  Power  to  touch  the  Circum¬ 
ference  of  the  Wheel  ;  becaufe  in  fuch  a  cafe  the  Diftance 
of  the  Power  from  the  fix’d  Point  O  will  always  be  the  Same, 
w^hatever  point  of  the  Circumference  it  is  apply*d  at  :  for 
were  it  otherwife  this  wou’d  not  hold  ;  is  for  Examp.  if  the 
Power  were  apply’d  at  L,  and  its  Line  of  Direftion  LK 
fhou’d  be  perpendicular  to  the  Horizon,  then  wou’d  its 
Diftance  from  the  fix'd  Point  O  be  the  right  Line  KO,  per- 
•  '  pendicular  to  the  Line  of  Direftion,  and  being  lefs  than  the 

Radius  AO,  or  LO,  it  woii’d  caufe  the  Force  of  the  Power 
to  be  leflen’d,  and  the  Refiftance  of  theWeigkt  to  be  encreas’d. 

After  the  fame  Manner  it  may  be  demonftrated;  That 
when  the  Wheel  is  Horizontal,  as  ABCD,  fo  that  its  Axel 
be  perpendicular  to  the  Horizon,  as  it  often  happens  when 
the  Weight  I  is  to  be  drawn  along  an  Horizontal,  or  an  In- 
.  din’d  Plain  ;  the  Power  :  is  to  the  Weight  ;  :  as  the  Radius 
of  the  Axel  ;  is  to  the  Radius  of  the  Wheel  ;  always  fuppofing 
the  Line  of  Direftion  of  the  Power  to  touch  the  Circumference 
of  the  Wheel,  &c,  P  R  (i 
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PROPOSITI  O  N  II. 

THEOREM. 

Jis  much  as  the  Tower  gams  in  Force ^  when  it  moves 
a  fV fight  hy  the  means  of  a  Wheel  and  Axel^  fo 
much  it  lofes  in  Time  and  Space. 

This  Engine,  as  well  as  tlie  Two  foregoing,  fhews  us  fîg,  34» 
that  Nature  can  neither  be  Deceiv’d  nor  Conquer’d  ; 
that  is,  Nature  lofes  nothing  on  the  one  Hand,  but  what  is 
regain'd  on  the  other  ;  fo  that  whatever  is  got  by  the  Wheel 
ABCP,  is  loft  in  Time  and  Space  ;  becaufe,  by  the  foregoing 
Prbpofition,  if  the  Weight  I  has,  for  Example,  Ten  Times 
more  refiftance  than  the  Power;  fo  alfo  muft  AO  the  diftance 
of  the  Power  be  Ten  Times  greater  than  OG  the  diftance  of 
the  Weight,  if  you  wouM  have  that  Power  fuftain  it  ;  which 
makes  ABCD,  the  Circumference  of  the  Wheel,  to  be  Ten 
Times  greater  than  EFG  the  Circumference  of  the  Axel  ; 
and  coniequently  the  Power  has  Ten  Times  the  Velocity  of 
the  Weight ,  when  it  is  able  to  Move  it  ;  For  when  it  has 
made  one  entire  Revolution  about  the  Wheel,  the  Weight 
alfo  will  have  made  one  entire  Revolution  about  the  Axe!, 
which  is  but  the  Tenth  part  of  the  Space  which  the  Power  has 
run  thro*. 

/ 

SCHOLIUM. 

t  ■ 

Thus  you  fee,  that  in*  this  Engine  the  Law  common  to  the 
Two  foregoing  is  plainly  obferv’d,  njiz,.  that  the  Force  of 
thé  Power  is  encreas’d  in  proportion  to  its  Velocity;  fo 
that  we  m^iy  fafely  depend  upon, this  Mechanical  Principle 
as  infallible,  when  we  explain  the  ElFeQ:  of  the  Screw  and 
Wedge  which  without  it  cannot,  in  my  Opinion,  be  fo 
clearly  explained-  ,  . 

'  Hence  is  the  Rcafon  known,  why  in  Pocket-Watches,  Plate  6. 
which  inftead  of  a  Counterpoife  have  a  Spring,  as  AB  ,  the  Fig,  3  g. 
Fuze  CD  is  rather  a  Cone  than  a  Cylinder  ;  becaufe  when  you 
have  wound  up  the  Spring  AB,  in  which  cafe  the  Chain  or 
String  CE  is  at  the  Top  or  Point  of  the  Fuze,  it  has  more 
Force,  which  it  lofes  by  opening  it  felf;  and  reciprocally  the 
String  CE  has  the  leaft  Force  at  C,  but  more  and  more  as  it 
goes  down  towards  D  ;  And  that  the  Strength  may  all  along 
be  Equal,  the  great  Force,  which  the  Spring  AB  has  at 
the  beginning,  muft  be  dim'inifh’d  by  the  Refiiftance  of  the 

String 
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String  at  firfl,  or  at  the  Top  of  the  Fuzè,  and  the  Weaknefs 
of  the  Spring  towards  the  laft,  muft  be  recompenc’d  by  the 
greater  Facility,  that  the  String  has  to  draw  at  the  Bottom  of 
the  Fuzè  CD,  where  the  Fuzè'being-  Broadeft,  its  Axis  is 
*  drawn  Round  with  moft  Eafe. 


.  .  C  H  A  P  T  E  R  V. 

Of  the  Wedge. 

Fhtè  $.  iVedge  is  the  moft  Simple  or  Plain  Engine  that  is, 

a  being  in  the  fhape  of  a  Solid  Triangle,  as  ABCD, 
which  is  fometimes  of  Wood  ;  but  ufually  of  Iron,  that  by 
reafon  of  its  Smoothnefs  it  may  be  more  Ufeful  in  cleaving 
Bodies,  becaufe  it  afts  by  Biding  againft  the  Parts  of  the 
Body,  whkh  it  divides. 

To  underftand  the  power  of  the  Wedge;  One  of  the  Two 
Bat  Sides,  which  incline  to  one  another,  is  to  be  confider’d 
as  an  Incliné  Plain,  and  the  other  as  a  Horizontal  Plain  ; 
and  wemuB  conceive,  that  by  the  help  of  this  Inclin’d  Plain, 
a  Power  ihall  raile  a  Weight,  which  without  this  Engine  ic 
cou’d  not  fo  much  as  bear  up. 

.  Let  the  Triangle  DBG  Reftangular  at  B,  reprefent  a  Wedge, 

a  e  6.  j)  Point  or  Edge,  BC  the  Head  ,  (and  to  be.plainer  un- 
3^' derftood ,  let  BD  the  length  of  the  Wedge  be  twice  its 
Height  BC)  and  the  BaBs  BD  perfectly  Smooth,  fo  that  be¬ 
ing  apply’d  to  the  Horizontal  Superficies  AB,  which  alfo  I 
fuppofe  perfectly  Smooth,  the  Wedge  DBC  may  Bide  upon 
that  Horizontal  Plain  AB  without  any  difficulty.  Then 
again,  let  us  Tuppofe  that  the  Weight  E,  be  hinder’d  from 
going  to  A,  by  the  Plain  HIK  perpendicular  to  the  Hori¬ 
zon,  which  yet  does  not  hinder  the  Wedge  from  Biding  along 
the  Horizontal  Plain  AB,  when  it  Biall  be  drawn  or  pufli’d 
from  B  towards  A  by  a  Power,  whofe  Line  of  Direftion  is 
^  parallel  to  the  Horizon.  If  then  the  Power  pufhes  the  Wedge 
DBC  regularly  from  B  towards  A,  in  caufing  it  to  Bide  upon 
the  Horizontal  Plain  AB,  it  will  caufe  the  Weight  E  to 
Rife  up,  by  fo  regular  a  Motion,  that  its  Center  of  Gravity 
E  will  never  go  out  of  the  line  EF  perpendicular  to  the  Ho¬ 
rizon  ;  fo  that  when  the  point  B  fliall  come  to  D,the  point  C  to 
F,  and  the  point  D  toG,  (that  is,  when  the  Wedge  DBC  fliall 
be  in  the  pofition  GDF)  the  Weight  E,  by  the  refiflance  of 
the  Plain  HIK,  Ihall  have  been  forc’d  to  Rife  by  the  Inclin’d 
Plain  CD,  or  FG,  which  will  have  pulh’d  it  upwards  to  F, 
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fo  that  it  will  have  Rifen  the  whole  Length  of  the  line  DF,  pUtjo 
when  the  Power  fiiall  have  mov’d  the  Length  of  the  line  BD,  pig, 
or  DG,  which  is  twice  DF  by  the  Suppofldon. 

Since  then  in  this  Suppofition,  the  Power  has  double  the 
Velocity  of  the  Weight,  it  ought  to  have  double  the  Force  ' 
of  the  Weight;  therefore  it  needs  not  be  more  than  half  the 
Relative  Weight  of  that  Fondus  upon  the  Inclin’d  Plain  CD, 
to  be  able  to  bear  it  there,  according  to  that  general  Law  of 
Mechanicks,  which  we  have  taken  notice  of  in  the  foregoing 
Engines  ;  that  the  Power  encreafeth  proportionably 

as  its  Velocity  does  encreafe.  Whence  we  may  eafily  con¬ 
clude,  that  “  When  a  Povoer,  whofe  Line  of  Direciion  is  paraUel  ^ 

“  the  Horizon^  fujiains  a  Weight  by  the  means  of  a  Wedge,  whofe 
“  Bafe  is  alfo  parallel  to  the  Horizon  ;  that  Power:  is  to  the  Weight 

that  it  bears  up::  as  the  Height  of  the  Wedge  to  its  Baje* 

COROLLARY. 

From  what  has  been  faid  and  demonllrated,  it  follows, 

That  the  more  Acute  the  Wedge  is,  the  Greater  wilL  its  *  " 

Effeftbe;  becaufe  GD  the  Velocity  of  the  Power  will  be 
great  in  Comparifon  of  DF  the  Velocity  of  the  Weight  : 

And  that  when  this  Wedge  is  applied  to  cleave  a  Body,  as  F/j;.  37« 
ABCD,  thePlains  EFOÎ,  GFOH,  which  makeup  the  Wedge, 
being  more  Inclin’d  one  to  another,  the  parts  E,G, -may  Aide 
more  Eafily;  where  you  will  obferve  that  the  Plain  EFOI, 
being  confider’d  as  a  Horizontal  Plain,  and  the  other  Plain 
GFOH  as  an  Inclin’d  Plain,  as  it  really  is  in  refpeft  to  the 
firft  Plain  ;  the  Refiftance  of  the  Upper  part  of  the  Body 
ABCD,  when  you  endeavour  to  difunite  it  from  the  Lower, 
may  be  look’d  upon  as  a  Weight,  whofe  Line  of  Dire£iion  is 
perpendicular  to  the  Lower  or  Horizontal  Part. 

SCHOLIUM. 

From,  what  we  have  faid  in  the  Theory  of  the  Weighty 
muft  be  fubftrafted  a  Force  able  to  overcome  the  Roughnefs 
and  Irregularity  of  the  Hgrizont.al  Plain  on  which  the  whole 
Wedge  mufi:  Aide,  and  likewife  a  Force  able  to  overcome  the 
Roughnefs  of  the  Inclin’d  Plain,  along  which  the  Heavy  Body 
IS  made  to  Rife,  and  the  Roughnefs  of  the  Weight  it  felf, 
when  it  is  not  Sph  erical. 

This  Friftion  or  Stickage  is  not  great  in  other  Engines, 
tho’ very  confiderable  in  the  Wedge;  Experience  Aiewing 
that  a  Wedge  laden  with  a  vaA  Weight  has  hardly  any  Effeft ; 
becaulb,  as  Avell  the  Surfaces  of  the  Wedge,  as  of  the  parts  of 
the  Body  which  you  cleave,  are  always  R.ough,  and  fo  Clofe, 

that 


Plate  6, 

Fig.  39. 


■plate  6, 
Fig.  36. 
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that  theîr  FriOrion  very  much  hinders  the  Motion,  which 
Obftacle  we  endeavour  to  rernove  by  Percuffion,  which  here 
is  of  wonderful  Ufe  ;  for  Experience  fliews,  that  a  Blow, 
upon  the  Head  of  a  Wedge  makes  it  Enter  eafily  into  a  Hard 
Body  ;  the  Reafon  of  which ,  in  my  Opinion,  is ,  That  a 
Blow  by  putting  all  the  parts  of  the  Wedge  in  Motion  makes 
them  Tremble  and  be  Difunited,  fo  as  to  lelTen  the  Stickage, 
and  facilitate  the  Motion  of  the  Wedge.  And  here  it  is  ob- 
fervable.  That  the  efFefl:  of  Percuffion  will  be  Greater  in 
proportion  as  the  Percutient  Body  is  Heavier,  and  moves 
Swifter.  ^ 


CHAPTER  VL 
Of  the  Screw. 

The  which  the  Greeks  and  Latins  call  Cochlef^^ 

is  a  Cylinder  cut  into  feveral  Concave  Surfaces,  con¬ 
tinually  InclinM  in  a  Spherical  Form,  or  a  Spiral  Plain  in« 
din’d  and  wound  about  an  Arbor,  or  Barrel,  or  Âxîs,  as  AB, 
or  CD,  whofe  each  Circumvolution  is  call’d  a  Helix  or  Thread 
of  the  Scre:af,  half  of  which  is  feen  in  the  Figure,  as  BC,  or 
DE.  This  Engine  is  very  ufeful  to  Stop  or  Move  any  Thing, 
and  Prefs  with  a  great  Force.  ^  ‘ 

To  make  an  Edimate  of  this  Force,  we  mud  confidcr. 
That  if  a  Power  ftiou’d  pufh  up  the  Weight  E  along  the  In¬ 
clin’d  Plain  CD,  (whofe  Bafe  DB  is  parallel  to  the  Horizon^ 
from  D  to  C  in  a  Line  of  Direftion  parallel  to  the  Length  BC, 
the  Space  which  the  Power  goes  thro’,  or  its  Velocity  wou’d 
be  reprefented  by  the  line  DC,and  the  Space  orVelocity  of  the 
Weight  by  the  line  BC  perpendicular  to  the  Horizon  ;  be- 
caufe  the  Weight  wou’d  have  rifen  above  the  Bafe  DB  the 
whole  Height  BC  of  the  Inclin’d  Plain  CD:  Now  in  this 
cafe,  by  the  General  Law  of  Mechanicks,  one  may  eafily 
know  that  the  Power  wou’d  have  a  Force  proportionable  to 
its  Velocity,  and  wou’d  be  to  the  Weight  which  it  fhou’d 
fuftain  upon  the  Inclin’d  Plain  CD,  pulhing  or  drawing  it 
in  a  Line  of  Direftion  parallel  to  its  Length  CD,  (or  what 
is  all  one,  the  Relative  Gravity  of  the  Weight  wou’d  be  to 
its  Abfolute  Gravity)  as  the  Height  BC  ;  is  to  the  Length 
CD:  I 

Inftead  of  fuppofing  the  Power  to  draw  the  Weight  E 
Upwards,  you  may  imagine  it  to  pufli  the  Solid  Triangle 
BCD  all  its  Length  CD,  which  is  the  fame  thing:  for  thus 

will 


Chap.  VI*  Of  ShfipJe  and  Compound 'Etïgmtîl  47 

will  the  Weight  E,  being  Stopp’d  by  the  perpendicular  Plain  Plate  S* 
HIK,  as  we  have  fuppos’d  concerning  the  Wedgg^  Force  the  F/g,  35. 
Solid  Triangle  to  Defcend  by  preffing  it  with  its  Gravity,  or  . 

(  which  is  equivalent  )  it  felf  will  Rife  along  the  Inclin’d 
Plain  CD  above  the  Bafb  BD,  which  reprefents  the  Horizon, 
running  thro*  the  whole  Length  CD,  without  moving  out 
of  its  perpendicular  DF,  which  is  its  Line  of  Direction,  this 
Length  CD  being  the  Space  which  tfie  Power  runs  thro% 
when  it  pufhes  the  Solid  Triangle  BCD  under  the  Weight  E, 
till  the  point  B  comes  on  to  D. 

Hence  the  nature  of  the  Screw  is  very  eafily  Explain’d  by 
the  Triangle  BCD,  which  being  pulh’d  lengthways,  the 
whole  diftance  CD,  Aides  upon  the  Horizontal  Plain  AB, 
and  raifes  the  Weight,  fo  that  BE  or  DE  half  the  Length  of 
One  Helix  is  repre^nted  by  the  Length  of  the  Inclin’d  Plain» 
whofe  Height  EF  reprefents  half  the  Height  of  the  fame 
Helix;  the  Bafe  of  the  Inclin’d  Plain  reprefents  the  Hori- 
zont?il  Plain,  or  Bafe  of  the  Arbor  of  the  Screw,  and  the 
Weight  is  inAead  of  the  Female  or  Inpde  Screxa,  which  is  a 
Spiral  Hole  made  in  the  CoUar  G,  with  a  for  the  Male 
Screw,  Avhich  we  have  deferib’d,  to  turn  in.  The  French 
call  alfo  Ecyqu,  (  Female  Screw  )  the  Collar  G,  when  it  is 
moveable  upon  the  Male  Screw,  and  the  Burthen  to  be  raid’d 
is  laid  upon  it  ;  which  is  lifted  with  the  greateA  Eafe  imagin- 
able  by  turning  G,  which  rifes  together  with  the  Weight. 

The  Triangle  or  Inclin’d  Plain  gave  the  ArA  hint  to  the 
Inventors  of  the  Screw  ,  which  was  made  by  winding  the 
faid  Triangle  round  znArhar  or  Cylinder  HIPQ,  to  make  an 
Engine  of  moreUfe  and  lefsBulk.  For  which  end  the  Height 
of  the  Triangle  has  been  allow’d  for  IK  the  Height  of  the 
Cylinder,  and  the  Inclination  of  the  Hypotenufe  of  the  faid 
Triangle  has  been  given  to  the  UelitA  HK,and  to  all  the  other 
Helices  xb2it  go  upwards  round  about  the  Arbor  of  the  Screw, 
which  make  the  Spiral  Plain  HKLMNOP,  ufually  call’d  the 
Thread  of  the  Screw,  (in  French  Trait  de  la  Vis,') 

Thus  one  may  fee ,  that  if  a  Power  fufains  a  Weight  by 
weans  of  a  Screw,  that  Power:  will  be  to  that  Weight::  as  the 
Height  of  the  Screw:  is  to  the  Thread  of  the  Screw  \  that  is,  the 
Line  which  the  whole  Thread  or  all  the  Helices  wou’d  make 
if  unwound  and  laid  at  Length.  Whence  it  is  ealy  to  con¬ 
clude,  that  in  a  Screw  the  Force  of  the  Power  is  the  Greater, 
the  Clofer  the  Helices  are,  and  the  more  they  are  Inclin’d  to 
the  Horizon,  cateris ^aribi^,  or  every  thing  elfe  being  equal; 
becaufc  the  Length  of  the  Hypotenufes  of  the  Triangles 
upon  which  they  have  been  made,  have  a  greater  Ratio  to 
.their  Height, 

Never- 


A  Tréatïje  of  Mechanicks. 


Book  I, 


Neverthelefs  to  make  an  Eftimate  of  the  Force  of  any 
fUte  6'  Screw,  ic  is^ot  neceffary  to  meafure  the  Length  of  the  whole 
39-, Thread,  nor  the  Height  of  the  whole  Cylinder;  for  it  is 
fufficient  to  know,  how  often  a  line  equal  to  one  Hdix^  con¬ 
tains  the  Height  of  that  for  Example,  how  often  the 

Height  HE  is  contain’d  in  the  Circuit  of  the  Helix  HKL,  be- 
caufeHP,  the  whole  Height  of  the  Cylinder,  is  contain’d  iuft 
as  many  Times  in  the  whole  Thread  of  the  Screw  HKLMNOP^ 
as  it  is  eafy  to  Demonftrate. 


SCHOLIUM. 

Without  having  recourfe  to  the  Inclin’d  Plain,  one  may 
know  the  Force  of  the  Screw,  by  confidering,  that  w^hen  the 
Power  has  made  one  entire' Revolution  to  raife  a  Weight,  ('for 
Example  from  E  to  F,  the  height  of  One  Helix)  it  will  have 
run  thro’  a  great  Space  inComparifon  to  the  Space  EF,  tvhich 
the  Weight  has  gone  thro’;  whence  may  be  known  by  the 
general  Principle  of  Mcchanicks,  that  the  Power  ought  to 
gain  a  great  Force  by  means  of  this  Engine  ;  fo  that  if  the 
Space  which  it  has  gone  thro’  to  raife  the  Weight  up  to  the 
Height  EF,bc,  for  Example,  Ten  Times  Greater  than  That 
Space ,  a  Heavy  Body  will,  by  means  of  this  Engine,  be 
fuftain’d  by  One  of  about  a  Tenth  part  of  its  Weight. 


CHAPTER  VII. 


Of  Compound  Engines, 

WE  call  Cgmpuvd  Engines^  One  that  is  compounded  of 
ffeveral  Simple  Engines,  which  may  be  made  ufe  of 
a  Thoufand  dilferent  Ways,  as  Occallon  ferves  or  Need  re¬ 
quires  ;  for  which  reafon  we  cannot  give  any  Account  of 
the  Number  of  Compound  Engines;  Wherefore  we  Ihall 
only  fpeak  of  fuch  as  are  moft  Obvious  and  moft  Us’d. 

Of  the  Balance. 

PUte  7.  j  "'HO’  the  Balance  be  a  very  Plain  or  Simple  Engine, yet 
41.  JL  may  be  reckon’d  amongft  the  Compound  Engines , 
when  it  is  made  ufe  of  to  Blow;  which  is  done  with  fo  much 
more  Eafe  as  the  Power  at  A,  which  draws  downwards,  in  the 
Line  of  Direftion  AB,  is  more  diftant  from  the  fix’d  Point  • 
C,and  as  the  faid  Line  of  Direction  AB  comes  nearer  to  a  per- 
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pendicular  to  the  Rod  or  Beam  BD,  whofe  end  D  being 
raised,  opens  the  Bellows  EF,  whofe  point  Fis  as  the  Center  of 
Motion  of  a  Leaver,  which  will  move  with  fo  much  more 
Eafe  as  its  Length  EF  is  Greater  ;  For  this  reafon  may  this 
Engine  be  reckon’d  amongft  the  Compound  Engines,  becaufc 
it  confifts  of  Two  Leavers  ;  or  of  a  Balance  and  a  Leaver. 

Of  the  Leaver.  ' 

The  Leaver  AB  apply’d  Horizontally  to  ÛitRoü  or  Axel  Plate  y  ', 
CD, which  is  perpendicular  to  the  Horizon,  about  which  Fig,  42» 
is  wound  the  Rope  EF,  that  has  one  end  faften’d  to  the  heavy 
Body  G,  which  is  laid  upon  the  Ground,  is  of  great  ufe  in 
turning  horizontally  the*  Axel  CD  by  the  Strength  of  Men, 
when  feveral  Powers  are  apply’d  tO  the  ends  of  the  Leavers 
AB,  in  order  to  draw  the  Body  G  towards H. 

This  Engine  ufually  call’d  a  JVinch  or  Windlafs^  in  Latin 
Ergata,  and  by  Mariners  a  Capjlane^  is  very  ufeful  tO  draw 
Scones  out  of  Boats,  or  out  of  the  Banks  of  Rivers,  or  to 
draw  along  the  Boats  themfelves.  It  is  ufually  made  as  re-  F/g.  43,' 
prefented  by  the  43d  Fig.  and  is  very  ferviceable  in  Ships  to 
heave  up  Anchors,  which  require  a  great  Force  to  draw  them 
from  the  Ground. 

The  Capftane  is  alfo  us’d  in  Ships  to  draw  up  the  Top- 
Mafts,  or  Sail- Yards;  and  when  it  may  be  taken  from  one 
Place  to  another,  it  is  call’d  a  Flying~Capfiane^  or  Crah  :  But 
it  is  cûVd  7eer~CapJlane,  or  Little-Capfiane,  when  it  is  upon 
the  Second  Deck,  and  is  only  us’d  to  draw  the  Top-Mafts, 

Yards,  and  fuch  Things  as  do  not  require  fo  great  a  Force  as 
what  is  requir’d  to  heave  the  Anchors  ;  for  the  Capftane, 
which  is  for  that  Ufe,  is  call’d  Main-Capfiane^  or  Double^Cap-^ 

JIane;  it  is  fix’d  upon  the  Lower  Deck,  and  is  ufeful  for  both 
Decks  ;  becaüfe  it  may  be  rais’d  Four  Foot  above  the  Upper 
Deck.  , 

Sometimes  the  Leavers  AB  are  applied  Vertically,  to  turn 
Horizontally  the  Axel  CD,  and  raife  the  Weight  G  faften’d  pig 
to  the  end  of  the  Rope  EF,  which  is  twifted  about  the  Cy¬ 
linder  CDi  whilft  feveral  Powers  applied  at  the  ends  A,  B, 
of  the  Leavers,  caufe  it  to  turn  round  the  T wo  immoveable 
Points  CD. 

Such  an  Axel,  without  a  Wheel,  is  call’d  a  Roll  (in  French 
Moulinet,  and  in  h^tin  Succula,)  and  the  Mariners  which  ufe 
k  to  raife  their  Anchors,  call  it  a  Wmdlafs:  And  when  this 
Axel  is  made  ufe  of  to  raife  a  Weight  very  high,  by  means 
of  a  Rope  going  over  Two  Pullies  very  high  above  it,  to 
fiicilirate  its  Motion,  fuch  a  Machine  is  call  a  Gin,  which  is 
of  great  ufe  to  raiCe  Stones  in  a  Building. 

D  The 
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Platp?  Piece  of  Timber  FK,  which  has  in  it  Two  Pullief 

‘which  are  ufually  of  Brafs,  is  calPd  the  Head:  (in  French 
Extourne  au)  You  go  up  to  it  by  means  of  the  Brace  and  Ladder 
XT,  full  of  little  crois  Pieces  call’d  Pirn  or  Rounds.  This 
Brace  fupports  the  Engine,  and  is  pinn’d  into  a  Mortile  made 
•  at  X  upon  the  Sill  XI,  as  alfo  into  another  at  T  in  the  Spindle 
TV,  below  the  Piece  NQ,  to  which  are  faften’d  the  little 
Braces  R,S,  which  fupport  the  Head  FK. 

The  Perpendicular  Shaft  ITV  is  not  only  fupported  by  the 
Brace  XT,  but  alfo  by  the  Arms  ot  Braces  TL,  TM, 
which  reft  upon  the  Sole  LM,  that  is,  perpendicular  to  the 
Sill  Xl,  and  are  fix’d  at  top  into  a  Shoulder  T  :  Thefe  Braces, 
together  with  the  Perpendicular  Shaft  I  V,  are  kept  tight 
together  by  the  Binding  Pieces  OP,  which  have  Tenons  and 
Morti fes,  and  fupport  the  Transfoms  which  are  parallel  to  the 
Sill  Xf,  that  is  faften’d  to  xhe  Sole  by  help  of  Braces-  Thefe 
Tranfoms  ftrengthen  and  fupport  the  Brace  and  Ladder,  and 
keep  tight  the  upright  Ptmeheon  ZH,  which  being  perpendi¬ 
cular  to  ’em  fuftains  the  Roll  CD. 

A  Tenon  is  the  End  of  a  piece  of  Wood,  which  goes  into 
a  Mortife  :  and  a  Mortife  is  a  Hole,  ufually  Square,  cut  into 
another  Piece  of  Wood,  to  take  in  the  Tenons,  which  alfo 
are  ufually  Square.  The  Main  BraceXld,  and  the  Braces  TL, 
TM,  are  fix’d  to  the  Perpend  icular-fliaft  with  Binding  Pieces 
that  have  Mortifes  and  Tenons  faften’d  with  Iron  or  Wooden 
Pins  made  to  put  in  or  take  out  at  pleafure  ;  to  fet  up,  or 
take  down  the  Engine  when  you  wou’d  carry  it  from  one 
place  to  another.  The  Lowermoft  of  the  Binding  pieces  OP 
is  call’d,  The  Main  Binding  Piece. 

When  this  Axel  is  laid  on  two  pieces  of  Timber,  fo  plac’d 
as  to  reprefent  Sc.  Mdreto\  Crofs,  to  draw  Water  or  raife 
and  let  down  Stones,  or  unload  Barges,  fuch  'an  Engine  is 
call’d  a  Roll.  An  Engine  call’d  a  Crane,  wdiofe  Head  is  made 
of  a  long  Beam  tending  upwards,  is  alfo  made  ufe  of  to  raife 
Timber  or  Stone  in  Building. 


Plate  9. 
^•47- 


Of  the  Pulley. 

N  Engine  made  ufe  of  either  to  encreafe  the  Force  of 
the  Power  or  to  facilitate  Motion,  is  call’d  Mono/pajium, 
when  it  has  but  One  Pulley;  Difpafium,  when  it  has  Two  ; 
Trifpajium,  when  it  has  Three  ;  Tetrafpafium,  when  it  has 
Four  ;  Pentafpafum,  when  Five  ;  and  ufually  Polyfpafium 
when  it  has  many. 

Almoft  all  Engines  encreafe  the  Force  of  the  Power,  ex¬ 
cept  that  which  the  Latins  call  Fiftuca,  and  the  French  Sonm 
nette,  which  is  made  ufe  of  to  drive  Piles,  by  means  of  a 
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Heavy  Piece  of  Wood,  or  Upright  Rammer  A,  fo  call’d  in 
a  Large  Engine  ;  but  Beetle  in  a  fmall  one,  which  is  us’d  to  p-  f 
draw  out  old  and  ufelefs  Piles,  by  ftriking  gently  upon  their 
Heads,  whilft  they  are  pull’d  by  a  Strong  and  Stretch’d  Rope. 

This  *  Rammer  is  by  Two  Strong  Iron  Hooks  faften’d  to  *  in  French 
Two  Ropes,  which  go  over  the  Pullies  GH,  and  have  ufu« 
ally  at  their  Ends  O,  Sixteen  fmaller  Ropes  N  tied  fall,  for 
as  many  Men  to  draw  at  once,  when  they  raife  the  Rammer 
towards  D,  and  let  it  fall  at  once  upon  the  Head  of  the  Pile 
M.  Tq  Drive  Piles^,  by  means  of  this  Inftrument,  i«  call’d  in 
French  Battre  le  Mouton. 

The  fâid  Rammer  has  wo  Tenons  fallen’d  behind  with 
Keys,  which  are  Square  Wooden  Pins  to  be  taken  off  at  Plea- 
fure.  Thefe  Tenons  keep  the  Rammer  in  the  Grooves  which 
are  made  in  the  Two  Upright  Puncheons  G,  H,  which  are  per¬ 
pendicular  to  the  Sole  IK;  and  fupported  by  Two  Braces  C, 
and  a  Brace  and  Ladder  EF,  which  at  F  refis  on  the  Sill  LF. 

It  is  ufually  bound  at  bottom  with  a  Strong  Iron  Hoop,  left 
it  fhou’d  be  cloven  in  ftriking  on  the  Piles,  &c. 

The  Wind  may  be  reckon’d  one  of  the  Compound  Engines;  , 
it  is  made  ufe  of  in  Building  to  draw  Heavy  Scones  ftraight  1.  ^  ^ 
up  as  A,  by  means  of  the  Two  Blocks  or  Pulleys  B,  C,  of 
which  the  loweft  B  doubles  the  Force  of  the  Power,  which 
is  ftill  encreas’dby  help  of  the  Leavers  or  Arms  DÉ,  applied 
to  the  Tumbrel  FG  inftead  of  a  Wheel.  This  Tumbrel  refts 
on  the  Two  Jong  Pieces  KL,  MN,  which  at  Bottom  are  at 
fome  diftance  from  one  another  ;  but  arc  Pinn’d  together  ae 
Top.  Thefe  Beams  bear  againft  a  Wall,  or  if  there  is  no 
Wall  to  fuftain  them,  the  Stay  HI  is  added,  and  then  the 
Engine  is  call’d  a  Triangle. 

Of  the  Axel  in  the  Wheeh 

THO’  the  be  very  plain  or  fimple,  as  having  but  Plate  ii 
one  Wheel,  which  is  call’d  a  Counter-Wheel  as  A,  and  is 
made  to  Turn  together  with  its  Axel,  by  being  drawn  on 
the  outfide,  or  when  Men  walk  in  it,  to  Move  by  that  means 
the  Rope  DE  which  is  faften’d  to  the  Axel,  and  going  over 
the  Pulleys  or  S^^£t;wF,M,N,  raifes  the  Weight  H  ;  yet,  as  , 
it  is  a  very  Confiderable  Engine,  and  very  Ufeful  in  Building 
to  raife  great  Stones  and  take  them  to  any  defign’d  Place,  and 
feeing  it  is  made  of  feveral  great  Pieces  of  Timber,  it  may 
very  fuftly  be  look’d  upon  as  a  Compound  Engine. 

This  JVIachine  is  fo  common,  that  almoft'  every  Body 
knows  its  Ufe  ;  a  fight  of  the  Figure  being  enough  to  make 
you  undcrftand  it.  Wherefore  we  ihall  only  fay  that  the 
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^  French  callrhe  End  C,  of  the  Axel  BC,  Lumière^  and  the 
^  other  End  B,  The  Piece  K  which  fupports  the 

E/^.  52.  j>j.^ce  and  Ladder  EG,  that  together  with  the  Wheel  A 
Turns  upon  I  the  End  of  the  Spindle,  which  is  Headed  with 
Iron,  is  call’d  the  Gudgeon  of  the  Crane  ;  its  Upper  part  being 
the  Spindle,  and  its  Lower  being  fix’d  at  Right  Angles  to 
Eight  Crofs-Pieces  of  Timber,  call’d  Crofs-Sills  or  Ground-SiUs  : 
in  French,  Embrasures,  Empâtements  and  Racineaux.  The 
Piece  O  which  fuftains  the  Brace  and  Ladder  FG  and  the 
Counter-Wheel  A,  is  call’d  the  Stay  ;  in  Vrench  Soupente. 

means  of  a  Wheel  with  Teeth,  the  Power  may  be  en- 
Fig.  54.  creas’d  as  much  as  you  pleafe  ;  for  if  you  have  but  One 
Wheel,  whofe  Radius  is,  for  Example,  Ten  Times  greater 
than  That  of  its  Axel,  the  Power  applied  at  the  Circumfe¬ 
rence  of  this  Wheel,  will  have  Ten  Times  more  Force  than 
\  otherwife  :  and  if  you  add  a  Second  Wheel  as  A,  w^hich  is 

call’d  a  Pinion  when  its  Circumference  is  Little,  whofe  Teeth 
rake  thofe  of  the  Greater  Wheel;  the  Force  will  ftill  be  en- 
creas’d  as  much  as  the  Radius  of  this  Pinion  is  greater  than 
That  of  its  Axis  :  as  for  Example,  if  the  Radius  of  this  Pinion 
fee  Six  Times  longer  than  That  of  its  Axis  ;  the  Force  of  the 
Power  will  Ife  encreas’d  Sixty  Times,  and  more  ftill,  if  you 
,  add  the  Handle  DBG,  which  will  encreafe  the  Force  in  pro¬ 
portion  to  the  Length  of  the  Line  BD  :  Thus  if  E  weighs 
Sixty  Pounds,  One  Pound  apply’d  at  C  will  raife  it. 

If  you  multiply  the  Number  of  Wheels  and  Pinions,  as 
Plate  12.  in  Fig.  53.  the  Force  of  the  Power  is  prodigioufty  encreas’d  ; 
Fig.  whence  the  Greeks  and  Latins  have  call’d  this  Engine 

cratium  ;  becaufe  there  is  no  Burthen  fo  Heavy  but  what  it 
may  Raife  ;  and  it  was  not  without  reafon  that  ydrchimedes 
wou’d  undertake  to  raife  the  Whole  Earth,  if  he  had  but  a 
fix’d  Point  to  fet  his  Engine  on.  Da  7mhi  PunBum,  Ô*  Terram 
movebo.  But  as  by  the  Multiplication  of  Wheels  and  Pinions 
3^ou  encreafe  the  Force  of  the  Power  :  So  likewife  you  Lofe 
Time  in  raifing  the  Weight  A,  faften’d  to  the  Wheel  BC, 
which  will  turn  very  Slowly. 

Plate  9,  Force  of  the  Power  is  likewife  very  much  encreas’d 

Fig.  48,  means  of  the  Jack,  which  is  made  ufe  of  to  lift  up  Coaches 
’and  overthrown  Waggons,  by  means  of  AB  a  Wheel  with 
Teeth,  and  the  Handle  or  Windlafs  CD,  which  caufes  the 
Pinion  C  to  turn,  whofe  Teeth  raking  thofe  of  the  Wheel 
AB,  caufes  it  alfo  to  turn  together  with  its  Pinion  that  has 
Three  Leaves  or  Teeth ,  which  taking  the  Teeth  of  the 
Rack  FG,  raife  it  up  together  with  the  Weight  that  bears  on 
the  Forked  Top  of  it  GH.  The  Figure  ILK  Ihews  the  Out- 
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fide  of  the  Jack^  which  by  Multiplication  of  Wheels  may 
be  made  Strong*  enough  to  raife  up  aHoufe;  but  then  it 
will  work  more  Slowly. 

There  are  fome  Compound  Engines  wherein  the  Wind  is  13- 
made  ufe  of  fora  Power,  as  in  the  Wind-Mill^  where  the 
Wind  blowing  round  the  AB,  (w'hen  their  Canvas  is 
ftretch’d)  which  in  fuch  a  cafe  are  Leavers,  caufes  the  Axel 
CD  to  turn  Horizontally,  and  the  Wheel  EF  Vertically, 
whofe  taking  the  Rounds  of  the  Trundle  GH,  caufe  it  to 
turn,  and  at  the  fame  time  to  turn  the  Spur-Wheel  I,  which 
taking  the  Spindles  or  Rounds  of  the  Trundle  K,  turns  it  about 
together  wnth  the  Mill-Stone  L,  which  Grinds  the  Corn. 

A  Trundle  has  9  Rounds,  and  a  Wallovoer  14  •  The  Firft  has 
its  Axis  ufually  Vertical,  and  the  La  ft  its  Axis  Horizontal. 

The  Whole  Body  of  the  Mill,  call’d  in  French  may  be 
turn’d  round  upon  its  Poft,  to  put  the  Sails  in  the  Wind. 

The  Mill-Poft  is  arm’d  with  Iron.  CD  is  the  Shaft  or  Roll 
of  the  Mill,  AB  the  Whips  which  have  Barrs  to  ftretch  the 
Sails  upon. 

The  Wind  is  alfo  applied  to  an  Engine  call’d  an  Anemofeope^  plate  14; 
where  the  Hand  AB  fhews  w^hat  Point  of  the  Compafs  the  Fig.  55. 
Wind  blow^s  from,  the  Names  of  the  Winds  being  marked 
upon  the  Circumference  NOSE,  as  it  is  in  the  Mariner’s 
Compafs  .*  The  Weather-Cock  CD,  whofe  End  D  is  fix’d  to 
the  Top  of  the  long  Axis  DF,  perpendicular  to  the  Horizon, 
turns  with  the  leaft  Breath  of  Wind  ;  becaufc  F  the  end  of  the 
Axis  ends  in  a  Point  where  it  is  fuftain’d  by  the  plain  GH  ; 
this  Axis  runs  thro’  the  Pinion  IK  that  it  may  turn  it:  This 
Pinion  has  Eieht  Wings  or  Leaves  at  equal  diftances  for  the 
Eight  Chief  Winds. 

Thefe  Leaves  take  the  Eight  equal  Teeth  of  the  Crown-> 

Wheel  LM,  which  is  perpendicular  to  the  Horizon,  and  caufe 
it  to  turn  together  with  its  Axis  PE,  and  the  Hand  AB, 
which  is  fix’d  to  the  end  of  the  faid  Axis,  and  with  its  end 
B  points  to  the  Wind  that  Blows,  and  is  mark’d  upon  the 
Dial-PUte.  The  Long  Axis  DF  goes  thro’  a  Hole  made  at 
Q  thro’  the  Horizontal  Plain  RS,  that  it  rïiay  always  remain 
Upright  or  Perpendicular  to  the  Horizon:  and  the  Axis  PE 
of  the  Wheel  LM  goes  thro*  a  Wall,  and  alfo  thro’  the 
Center  T  of  the  Dial-Plate^  as  may  be  feen  2X  Paris  in  the 
French  King’s  Library,  and  upon  the  Pont^neuf  (New-Bridge) 
on  that  Clock  wjiich  is  call’d  f  Horloge  de  la  Samaritaine. 

Inftead  of  Wind,  Smoke  is  fometimes  made  life  of  to  turn  j- 
a  Spit,  and  the  Meat  to  be  roafted  with  wonderful  Eafe  ;  for  ‘ 

tho’  the  Smoke  be  of  it  felf  very  Weak,  yet  its  Force  is  very  ' 
much  encreas’d  by  means  of  the  Wheels  C,  D,  E,  F,.  whofe 
Teeth  take  one  another:  As  the  Smoke  rifes  it  turns  the 
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Wheel  AB  with  its  Trundle  C,  whofe  Rounds  taking  the 
•  Teeth  or  Spurs  of  the  Wheel  D,  caufe  it  to  turn  together 
'  with  its  Trundle  E,  whofe  Rounds  likewife  taking  the  Cogs 
of  the  Wheel  F,  caufe  it  to  turn  with  its  Axis  or  Spit  FG. 
Running  Water  is  alfo  very  ufeful  to  turn  Water-Mills,  and 
other  Engines  to  raife  Water,  or  draw  away  the  Water  from 
a  Place  where  you  wou’d  build  ;  for  Running  Water  by  its 
Swiftnefs  drives  before  it  the  Floats  of  a  great  Wheel,  which 
have  one  Part  in  the  Water,  and  thus  has  Force  enough  to 
turn  round  a  Wheel  with  its  Axis,  and  fo  the  whole  Engine, 
As  thefe  Machines  are  very  common,  we  Ihall  fay  no  more 
of  them.  One  may  fee  at  Paris  upon  the  Pont-neuf  a  very  pretty  ' 
Engine,  call’d  the  Samaritan^s  Engine  ;  but  the  Fineft  in 
Europe  is  that  which  is  at  Marly  near  Paris^  which  is  admit  d 
by  all  Travellers,  and  will  be  a  Monument  to  Pofterity  of 
fche  Greatnefs  and  Magnificence*  of  King  Lems  the  Fourteenth. 

'  Of  the  Wedge. 

TH  E  Wedge  has  no  Force  of  it  felf  as  you  have  feen, 
becaufe  it  mull  be  driven  by  fome  Power  ;  and  of  all 
Force  Percuflion,  and  efpecially  that  which  is  the  Fall  of 
fome  Weight,  is  the  moft  effeftual. 

To  this  Engine,  which  is  the  Plained:  of  any,  may  be  re* 
duc’d  all  Edge-Tools,  and  Tools  that  have  a  fiiarp  Point  5 
ro  Cut,  Cleave,  Slit,  Chop,  Pierce,  Bore,  &c.  as  Knives, 
Hatchets,  Sçilîbrs,  Swords,  Bodkins,  &c. 

Of  the  Screw. 

The  Force  of  the  Screw  is  encrcas’d  according  to  the 
Length  of  the  Leaver  which  is  applied  to  its  Collar 
■  G  to  turn  it  about.  It  is  Ufeful  to  make  Jacks  to  lift  great 
Stones  into  Carts,  or  to  raife  up  a  Houfe  with  the  Point  or 
Bearing-piece  HI,  which  is  a  Piece  of  Timber  perpendicular 
ro  the  low'er  Piece  KL  ;  which  has  Two  Female  Screws  to 
receive  the  Male  Screws,  which  are  turnxl  by  the  means  of 
Leavers  applied  to  their  Collars  G,  which  mightily  encreafes 
the  Force  of  the  Screw,  efpecially  if  its  Threads  are  very 
clofe. 

A  Ptijiting-Prefs  is  made  of  a  Leaver  and  a  fingle  Screw, 
which  is  alfo  us’d  in  the  Mi?it  to  Stamp  the  King’s  Image  on 
the  Coin.  Much  fuch  an  Engine  as  is  reprefented  by  Fig.39. 
is  made  ufe  of  to  prefs  Linnen  or  Books  S  and  it  is  fome- 
times  made  very  Large  for  a  Wme-Prefs. 

A  Screw  is  fometimes  made  to  take  the  Teeth  of  a  Wheel 
,«^nd  turn  it  rounds  and  fuch  Screws  is  call’d  a  Perpetual 
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Screro  ;  becaufe  being  turn’d  by  means  of  a  Handle,  it  caufes  Phtc  14 
the  Wheel  and  its  Axel  to  turn  continually,  together  with  Fig.  57. 
the  Weight  faften’d  to  it  by  means  of  a  Rope,  which  winds 
it  felf  about  the  Axel  as  the  Weight  is  drawn  up  :  This 
Engine  has  a  vaft  Strength,  which  may  be  encreas’d  by  mul¬ 
tiplying  the  Wheels  and  Screws. 

As  in  this  Figure  if  by  means  of  the  Handle  or  Leaver  FG 
the  Axel  AB  which  has  upon.it  the  Screw  C,  D,E,  be  made 
to  turn;  the  Screw  taking  the  Teeth  of  the  Great  Wheel 
HI,  will  caufe  it  to  turn  together  with  its  Axel  PQ,  which 
will  raife  the  Weight  K  faften’d  to  the  Rope  QR.  But  if 
you  add  a  fécond  Axel  LM,  whofe  Screws  take  the  Teeth  of 
the  fécond  Wheel  ST  ;  by  turning  this  Axel  LM  by  means 
of  the  Leaver  NO,  the  Wheel  ST  will  turn  with  its  Axel  ; 
and  thus  the  Force  of  the  Power  will  be  prodigioufly  en¬ 
creas’d,  &c. 

It  is  not  improper  to  (peak  here  of  Jrchimedes' s  Screw,  Fig,  59, 
which  the  French  call  Limace,  whofe  E(Fe£t  is  fo  much  the 
more  Wonderful  as  it  feems  Contrary  to  Rcafon  ;  becaufe 
this  Engine  makes  Water  Rife  by  Defcending.  It  is  a  Pipe 
wound  Screw-wife  about  a  Cylinder,  which  the  French  call 
Noym  ;  when  it  is  made  ufe  of,  One  of  its  Ends  as  A  is  put 
into  the  Water  that  you  wou’d  raife  ;  for  as  the  Water  goes 
into  the  Pipe  at  A  it  muft  defcend  to  B  which  is  lower  ;  and 
as  the  Engine,  which  ought  to  be  Inclin’d,  turns  round,  the 
Part  B  will  come  up  to  C,  and  the  Part  G  will  go  down  to 
D,  which  will  cauie  the  Water  to  run  from  B  to  C,  and 
from  C  to  D,  and  (b  on  as  far  as  E  the  Upper  Hole  of  the 
Pipe,  which  it  will  run  out  at.  It  is  faid,  that  Archimedes 
contriv’d  this  Engine  for  the  Ufe  of  the  Egyptians,  to  drain 
their  Marfhes  caus’d  by  the  Inundation  of  the  Nik. 

Tho’  this  Engine  will  draw  up  a  great  deal  of  Water,  it 
will  not  draw  it  very  High,  becaufe  it  ought  to  be  very 
much  inclin’d  to  the  Horizon  ;  But  Water  may  be  raisM  as 
high  as  you  will  with  an  Engine  which  is  very  Common^ 
call’d  a  Jack  Pump  or  Chain  Pump,  which  has  feveral  little 
Buckets  wider  at  top  than  at  bottom  fix’d  to  an  Iron  Chain, 
which  is  mov’d  round  upon  an  Axel  by  means  of  a  Wheel 
which  is  turn’d  by  Men,  Horfcs,  or  Water  :  The  end  of  the 
Chain  hangs  in  the  Water,  and  the  Buckets  bring  up  the 
Water  as  they  come  up  and  pour  it  out  into  any  place  de- 
fign’d. 

Sometimes  fmaller  Engines  of  this  kind  are  us’d,  which  rç 
Two  or  Three  Men  turn  by  means  of  a  Handle  as  AB, 
w'hich  is  faften’d  to  the  Cylinder  CD,  call’d  the  Kag^Wheel,  ' 
and  thus  the  Chain  DG  W’'hich  is  upon  the  faid  Cylinder  is 
is  roll’d  round  :  Such  a  Chain  is  call’d  «ui  Endlefs  Chain,  be- 
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1 5.  caufe  k  moves  continually  in  the  Pipe  EF  which  is  in  the 
F/g.  6o.  Water  ;  as  it  moves  round  it  brings  up  the  Water  with 
Pieces  of  Leather  cut  in  the  Form  of  Half-Globes,  which 
are  fix’d  to  the  Chain  inftead  of  Buckets.  This  Engine  is 
moft  properly  call’d  the  Jack^Pump. 

This,  and  all  other  Engines,  which  raife  Water  by  Water? 
or  any  other  Moving  Force,  are  call’d  HydrauUck  Engines  : 
And  we  call  Pneumatick  Engines  fuch  as  by  the  Impulfe  of 
the  Air  imitate  the  found  of  Mufical  Inftruments  with  Strings, 
as  the  Organ  ;  or  the  Voice  of  Man,  or  other  Animals,  as 
the  Clock  at  St.  John's  Church  at  LionSj  where  the  Crowing 
of  a  Cock  is  heard  before  the  Clock  ftrikes. 


The 
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The  Second  Book. 


Of  STATIC KS. 

AS  Mechankks,  In  a  fltift  Senfe ,  only  confider  the 
Moving  Powers  as  they  are  apply’d  to  Engines  ; 
We  thought  it  not  iniproper  to  Treat  of  them  fe- 
,  paratcly  from  Staticks^  which  confider  the  different 

Weight,  and  Centers  of  Gravity  of  Heavy  Bodies»  This  Parc 
takes  ïn  a  great  many  Phyfical  Queftions,  which  are  out  of 
the  Province  of  a  Mathematician,  and  which  confeguently  we 
îhall  pafs  over,  becaufe  we  wou’d  not  go  from  our  firft  De- 
fign,  which  is  to  fpeak  to  Military  Men,  who  love  the  Prafti- 
cal,  but  hate  the  Difputing  part. 


CHAPTER  I. 

Of  the  Free  7)efcent  of  Heavy  Bodies. 

By  the  Free  Defcent  of  a  Heavy  Body,  we  underftand 
here  the  Fall  of  that  Body  in  the  Air  when  it  meets 
i  with  no  other  Body  to  oppofe  its  Motion.  We  have  obferv’d 
i  in  the  beginning  of  the  foregoing  Book,  that  a  Body  which 
i  falls  freely  in  the  Air,  acquires  in  equal  Moments  or  Times 
I  of  its  Fall,  equal  degrees  of  Velocity,  and  that  the  Spaces, 
s  which  the  Body  goes  thro*'  encreafe  each  Moment  or  Inftanc 
S  of  Time,  according  to  the  Series  of  the  firft  uneven  Num- 
l  bers  1, 3, 5,  7,9,  which  are  the  differences  of  the  Squares 
I  1,4,9, 1 5,  25,  3^^*  ^he  Arithmetically  proportionable  Num- 
J  bers  I,  2,  3, 4,  5,  &c.  and  that  confequeritly  the  Spaces  which 

!  Bodies  go  thro’  from  the  beginning  of  their  Fall,  are  in  a 
Duplicate  Rai/OjOras  the  Squares  oftheTimes  or  Moments; 

!•  And  it  is  only  by  Experience  that  we  can  account  for  this  Pro¬ 
portion,  which  will  be  as  a  Foundation  for  the  greareft  Part 
cf  what  we  arc  about  to  fay. 

PRO. 


$S  A  Treatije  of  Mechanicks.  Book  IL 

PROPOSITION'!. 

PROBLEM, 

The  Space’  which  a  Heceoj  Body  goes  thro  in  a  7)e- 
terminate  Time  being  known;  to  find  out  what 
Space  it  will  go  thro'  in  a  Given  Time. 

SUppofea  Body  to  have  defcended  24  Foot  in  One  Minute 
of  Time,  to  find  how  far  the  fame  Body  will  fall  in  the 
fame  Medium  in  Three  Minutes,  for  Example;  to  the  Three 
Numbers  1:9::  24:  (the  Two  Firft  of  which  (njiuL.)  i,  9,  are 
rhe  Squares  of  , the  Given  Times  i,  3,  and  the  third  (viz.) 
24,  is  the  Spacé  gpjie  thro’  in  the  firft  Time)  find  a  fourth 
Proportional;  which  will  be  21  <5  Foot,  for  the  Space  which 
the  Body  will  go  thro’In  the  fécond  Time,  that  is,  in  Three 
Minutes. 

DEMONSTRATION,  r 

.y-- 

Becaufe  the  Spaces  gone  thro’  are  as  the  Squares  of  the 
Times,  and  that  in  this  Example  the  Times  are  1,3,  and 
their  Squares  1,9;  it  is  evident.  That  fince  i ,  the  Square  of 
•the  firft  ;  has  the  fame  Ratio  to  9,  the  Square  of  the  fécond  : 
as  24,  the  Space  gone  thro’  inthe  firfi:  Time  :  has  to  the  Space 
which  the  Body  will  go  thro’  in  the  fécond  Time  ;  this  Space 
muft  be  known  by  finding  a  fourth  Proportional  to  thefe 
Three  Numbers  i  ;  9:  ;  24:  as  has  been  done. 

PROPOSITION.  IL 

PROBLEM. 

The  Time  being  known  in  which  a  Heavy  Body  de*> 
fcends  thro'  a  T)etermmate  Space^  to  find  in  how 
long  time  it  will  defcend  thro'  a  Given  Space. 

SUppofe  a  Body  has  fpent  One  Minute  in  falling  24  Foot; 

to  find  what  Time  it  will  fpend  in  falling,  for  Example, 
216  Foot  in  the  fame  Medium;  to  thefe  Three  Numbers 
24:  2  1^?::  i:  (the  Two  firft  of  which  (viz.)  24,  216,  are  the 
firft  and  fécond  Space  given,  and  the  third  (a;/. ^,)  r,  is  the 
Square  of  the  given  Time)  find  a  fourth  Proportional,  which 
will  be  9  Square  Minutes,  for  the  Square  of  the  Time  re¬ 
quir’d,  which  confequently  will  be  3  Minutes,  as  is  known 

by 
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by  extracting  the  Square  Root  of  9,  the  fourth  Number 
found. 

DEMONSTRATION. 

Since  the  Spaces  gone  thro’  are  as  the  Squares  of  the  Times, 
and  that  in  this  Example  the  Spaces  are  24,  2 16,  it  is  evident, 
that  fince  24  the  fiift  Space:  has  the  fame  Ratio  to  2  it),  the  fé¬ 
cond  Space:  :  as  i,  the  Square  of  the  firft  Time,  which  an- 
fwers  to  24,  the  firft  Space  :  has  to  the  Square  of  the  fécond 
Time,  which  anfwers  to  216,  the  fécond  Space  ;  the  Square 
of  the  fécond  Time  muft  be  known  by  finding  a  fourth  Pro¬ 
portional  to  the  Three  Numbers  24:  216:  :  i:  as  has  been  done. 

PROPOSITION  III. 

THEOREM. 

Tèe  Force  which  carries  up  a  Body  TerpendicuJarly^ 
grows  kfs  Equally. 

ISay,  That  if  a  Heavy  Body  be  throWn  upwards  perpen¬ 
dicularly,  by  giving  it  a  Perpendicular  Force  which  con¬ 
tinues,  that  Motion  will  gradually  Dccreafe, 

DEMONSTRATION. 

Cecaufe  the  Gravity  of  the  Body  which  is  thrown  up,  con- 
ftantly,  pufhes  it  downwards  ;  its  Motion  upwards  muft 
continually  decreafe,  and  be  wholly  deftroy’d,  when  the  /w- 
petas  upwards,  which  it  receiv’d  from  the  Power  that  threw 
it  up,  becomes  equal  to  that  Impetus  which  its  own  Gravity 
gives  it  downwards  ;  that  is,  the  Body  thrown  upwards  muft 
ceafe  to  rife  as  foon  as  the  Two  Impulfes  are  become  Equal  ; 
and  then  immediately  begin  to  defcend,  becaufe  then  the  Im- 
pule  of  Gravity  is  greater  than  that  of  the  Projeftion.  Since 
then  Gravity  lefiens  the  Velocity  of  the  Impulfe  upwards, 
and,  by  its  contrary  Aftion,  deftroys  the  Motion  upwards 
with  the  fame  Force  that  it  wou’d  produce  a  Motion  down¬ 
wards,  which  is  Uniformly  accelerated,  the  Force  which 
pufties  upwards  muft  alfo  decreafe  Uniformly.  D. 

SCHOLIUM. 

( 

It  is  plain,  That  fince  a  Body  in  falling  acquires  equal  de¬ 
grees  of  Velocity  in  equal  Times,  and  that  on  the  contrary, 
in  its  rife  it  lofes  equal  degrees  of  Velocity  in  equal  Times  ; 

that 
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that  ÎS,  that  fince  the  Velocities  decreafe  in  Rifing  in  the  fame 
ïnverfe  Proportion  that  they  encreafe  in  Defcending  :  Such 
a  Body  goes  thro’  the  fame  Spaces  in  equal  Times  in  Rifing, 
as  it  does  in  Falling.  Whence  it  follows,  That  the  Spaces 
■which  the  Body  goes  thro’  when  thrown  upwards,  are  in  an 
ïnverfe  Order,  the  fame  which  the  Body  goes  thro’  in  its 
Defcent  :  So  that  if  the  faid  Body  is  Five  féconds  in  Rifing 
to  the  height  of  25  Foot,  and  that  the  Space  which  it  goes 
thro’  the  firfi:  Second*  of  Time  be  9  Foot,  for  Example,  the  fe- 
confl  Second  of  Time,  it  will  go  thro’  a  Space  of  7  Foot,  the 
third  a  Space  of  5, the  fourth  a  Space  of  3, and  the  fifth  and  laft, 
a  Space  of  One  Foot  ;  to  the  very  Inftant  when  it  is  inÆ^«///- 
without  either  rifing  or  falling;  then  it  will  firft  begin  to 
defccndjin  the  fame  ïnverfe  Proportion  running  thro’ the  fame 
Spaces  in  the  fame  Times  ;  fo  that  the  firfi:  Second  it  will  de- 
fcend  a  Foot,  the  fécond  3  Foot,  the  third  5,  the  fourth  7,  and 
the  fifth  and  laft  the  Space  of  9  Foot,  thus  taking  up  five  Se¬ 
conds  of  Time  to  Defceqd  25  Foot  ;  as  it  cook  up  the  fame 
Time  to  Afcend  25  Foot. 

PROPOSITION  IV- 

PROBLEM. 

The  Time  being  hnown  in  which  a  Heavy  Body  faïïs 
from  a  known  Height^  to  find  out  how  far  it  wilt 
fall  in  each  Tart  of  that  Time. 

SUppofc  a  Heavy  Body  has  taken  up  5  Seconds  in  Defcend¬ 
ing  125'  Toifes;  to  find  out  how  many  Toifes  it  will 
Defcend  each  Second  ;  let  x  be  put  for  the  Number  of  the 
Toifes  that  icmufi  run  thro’  the  firft  Second  ;  and  then  be- 
caufe  the  Spaces  which  the  Body  runs  thro*  in  equal  Times, 
encreafe  according  to  the  Progreflion  of  the  odd  Numbers 
I»  3»  5»  7)  9)  é"c.  the  Space  which  the  Body  has  fain  thro’  the 
fécond  Second  will  be  3;:,  the  Space  gone  thro’  the  third  Se¬ 
cond  will  be  5" X, the  Space  gone  thro’ the  fourth  Second  will  be 
7x,and  the  Space  gone  thro’  the  fifth  and  laft  Second  will  be 
9x:  And  as  the  Sum  of  all  thofe  Spaces  is  2çx,  which  are 
fuppos’d  equal  to  125',  you  will  have  this  Equation  2  5’x=2 12  j, 
which  being  divided  by  25:,  you  will  have  xrrrj,  w'hich 
Ihews  that  the  firft  Second  the  Body  has  Defcended  $  Toifes, 
and  confequently  it  will  have  Defcended  is  Toifes  during 
the  fécond  Second,  becaufe  of  3x,  and  2  s  Toifes  the  third 
Second,  becaufe  of  and  35:  Toifes  the  fourth  Second,  be¬ 
caufe  of  7x,  and  laftly  45  Toifes  the  fifth  and  laft  Second,  be- 
eaufe  of  px.  ^  E.  /.  ^  S  G  H  O- 
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SCHOLIUM. 

/ 

This  Problem  Is  fo  eafy,  that  it  may  be  folv’d  without  the 
help  of  Jigehra  ;  For  it  is  eafily  fdlv’d,  if  you  divide  the 
given  Number  laç  into  Five  other  Numbers  proportional  to 
to  thefe  Five  1,3,5, 7, 9,  which  may  be  eafily  done  by  the  Rule 
of  Fe/loypjhip.  But  to  come  to  the  Praftice  ;  Multiply  each  of 
thefe  Numbers  1,3, 5, 7, 9,  by  the  given  Number  125,  and  di¬ 
vide  each  of  the  Produfts  125,  375,625,  875,  1125,  by  25 
the  Sum  of  the  faid  Numbers  1,3, 5, 7,9,  and  the  Quotients 
5»  45>  ^^ill  be  the  Spaces  gone  thro’ during  the 

firft,  the  fécond,  the  third,  the  fourth,  and  the  fifth  and  laft 
Second  of  Time. 


LEMMA. 

In  anArUhmetkal  Trogrejpon^  every  one  of  the  Sums 
of  Two  Terms  equally  dijiant  from  the  Two 
tr ernes ^  are  Equal  to  the  Sum  of  the.  Two  Exa 
tremes, 

LE  T  the  following  Progreflion  be  an  Arithmetical  One^ 
of  Seven  Terms,  ^+3^,  ^+4^,  «+5^,  a+6L 

’Tis  plain  that  2^+6^  the  Sum  of  the  Two  Terms 
<»+5^,  or  of  the  Two  ^+2^,  ^+4^,  equally  diftant  from  the 
Two  Extremes  a<^6b^  is  equal  to  the  Sum  of  thefe  Two 
Extremes,  and  that  confequently  ail  thofe  Sums  are  equal  to 
'  one  another.  ^  E.  D, 

COROLLARY. 

It  follows  from  this  Propofitlon,  that  when  the  Number 
of  the  Terms  is  odd,  as  here,  the  faid  Sum  %a'\6b  is  double 
the  Middle  Term  3^. 


PRO. 
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PROPOSITION  V. 


THEOREM. 

The  Force  which  pufoes  a  Heat^  Body  upwards  to 
a  certain  Height^  if  it  were  not  diminifddy  woud 
in  the  fame  Time  carry  the  fame  Body  twice  as 
High. 

lUppofe  that  with  a  determinate  Force  a  Heavy  Body  he 
_  pulh’d  upwards,  Seven  Toifes,  for  Example,  in  One 
Minute  ;  I  fay  that  if  that  Force  had  not  been  diminifli’d,  buC 
continued  the  fame  as  at  firft,  it  would  have  carried  the  Body 
double  that  height  ;  that  is  Fourteen  Toifes  in  the  fame 
Minute  of  Time* 

DEMONSTRATION. 


Divide  the  Time  into  Seven  Moments,  for  Example,  '  and 
likewife  the  Force  into  Seven  Degrees*  and  it  will  eafily  be 
known;  that  fin  ce  by  Pro^.  3.  this  Force  decreafes  Uniformly, 
and  that  it  was  fuppos’d  at  the  beginning  of  the  firft  Momenc 
to  have  Seven  Degrees  of  Velocity,  at  the  end  of  that  Mo¬ 
ment  it  will  have  but  Six  Degrees  of  Velocity,  at  the  end  of 
the  fécond  but  5,  at  the  end  of  the  third  but  4,  at  the  end  of 
the  fourth  but  3,  at  the  end  of  the  fifth  but  2,  at  the  end  of  the 
fixth  but  One  ;  and  at  the  end  of  the  feventh  and  laft  Mo¬ 
ment,  it  will  have  no  Degree  of  Velocity  left. 

Thus  we  have  an  Arithmetical  Progreflion  made  up  of 
thefe  Eight  Terms  7,  5,4, 3,2,  i,  o,  where  the  Sum  of  the 

Two  Extremes  and  of  any  Two  Terms  equally  diftant  from 
thofc  Extremes  is ,  by  the  foregoing  Lemma ,  every  wdiere 
the  fame  C'v/z.,)  7  ;  which  makes  in  all  4  times  7»  or  2&. 
No^  if  the  Force  had  not  been  diminilli’d,  it  wQu’d  have 
had  each  Moment  Seven  Degrees  of  Velocity,  and  as  it 
makes  the  Body  run  thro’  a  Space  proportionable  to  its 
Strength  ,  and  as  it  wou’d  have  had  in  all  8  times  7  De¬ 
grees,  or  $6  Degrees  of  Velocity,  which  is  twice  28,  fo  it 
wou’d  have  carried  the  Body  to  a  double  Height.  ^ 


PRO^ 
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PROPOSITION  VI. 

t 

THEOREM. 

Towers  force  a  Heavy  Body  upwards  to  Heights^ 
that  are  to  one  another^  as  the  Square  of  Two 
Numbers  which  exprejs  the  Ratio  of  the  Two 
Towers, 

1  Say,  that  if  a  Power  be,  for  Example,  Three  Times  greater 
than  another  Power,  fo  that  the  Two  Powers  be  in  the 
fame  Kcttio  as  thefe  Two  Numbers  5,  i,  it  will  by  its  Triple 
Force  raife  a  Body  to  a  Height  Nine  Times  greater  thaft 
that  to  which  the  little  Power  will  by  its  Force  raife  the 
fame  Body,  fo  that  the  Two  Heights  will  be  as  thefe  Two 
Numbers  1,9,  which  are  the  Squares  of  the  Two  Numbers 
I,  3,  which  exprefs  the  Ratio  of  the  Two  Powers. 

DEMONSTRATION. 

Becaufe  the  Body,  or  the  Gravity  w'hich  dimlnllhes  the 
Force  of  both  thefe  Powers  is  the  fame,  the  Force  ought  to 
be  diminihi’d  by  Equal  Degrees,  and  that  which  is  Three 
Times  as  much  as  the  other,  ought  to  be  Three  Times  as 
long  in  decreafing  :  If  then  the  Greateft  is  Three  Minutes  in 
decreafing,  and  the  Leaft  One  Minute,  the  Greateft  ought  to 
make  the  Body  m  its  third  and  laft  Minute  to  run  thro’  a 
Space  equal  to  that  which  the  Little  one  made  the  fame  Body 
run  thro’  the  firft  Minute  ;  and  the  fécond  Minute  it  ought 
to  make  it  run  thro’  a  Space  Three  Times  greater,  and  the 
firft  a  Space  Five  Times  greater,  becaufe  the  Spaces  decreafe 
in  the  rife,  or  encreafe  in  the  fall,  according  to  the  propor¬ 
tion  of  the  odd  Numbers,  as  we  have  obferv’d  in  Prop.  3, 
So  that  if  the  firft  Minute  the  little  Power  puflies  up  the 
Body  the  height  of  One  Toife ,  for  Example,  the  other 
Power  which  is  Three  Times  Greater,  will  likewife  puih  up 
the  fame  Body  the  third  Minute,  the  Space  of  One  Toife, 
and  of  Three  Toifes  in  the  fécond  ;  and  laftly,  of  Five  Toifes 
in  the  firft  Minute,  which  makes  in  all  Nine  Toifes.  Thus 
you  fee  that  when  the  Leaft  Power  has  rais’d  its  Body  the 
height  of  One  Toife,  the  triple  Power  has  rais’d  its  Body 
Nine  Toifes  ;  and  confequently  thofe  Heights  are  to  one  an¬ 
other,  as  I,  to  9,  which  are  the  Squares  of  thofe  Two  Num¬ 
bers  I,  3,  which  exprefs  the  Ratio  of  thofe  Two  Powers. 
£.  D, 
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COROLLARY. 

From  this  Proportion  one  may  eafîly  conclude,  That  if 
'the  Force  which  a8:s  direftly  Upwards,  be  Double,  the 
Space  will  be  Quadruple  ;  and  confcquently  that  a  Bow,  as 
Strong  again  as  another,  will  Ihoot  an  Arrow  Four  times  as 
high. 

PROPOSITION  VIL 

THEOREM. 

The  Force  which  a  Body  acquires  in  Fallings  makes 
it  Rife  up  again  to  the  fame  Height  which  it  fell 
fromi 

This  proportion  is  evident,  ErR  by  Experience,  then 
becaufe  a  Body  in  defcending  acquires  a  Velocity, 
which  makes  it  rife  again  by  pufhing  it  upwards  as  foon  as 
it  is  got  to  the  loweft  place  that  it  can  go,  if  nothing  has 
bindred  its  fall  :  and  if  the  acquired  Force  or  Velocity 
.{hou’d  continue  the  fame,  it  wou’d  by  Prop.$.  make  the  Body 
rife  to  a  Double  height  ;  but  as  the  Gravity  of  the  Body 
makes  its  Velocity  continually  Decreafe  after  the  fame  man» 
ner  that  it  had  Encreas’d,  it  can  only  carry  up  the  Body  to 
the  fame  Fleight  from  which  it  fell.  ê^.E.  D. 

SCHOLIUM. 

In  all  that  we  have  faid,  you  muR  ab/iraO:  from  the  Gra¬ 
vity  and  RehRance  of  the  Air,  which  is  the  caufe  why  all 
the  foregoing  Proportions  do  not  exaftly  agree  with  Experi¬ 
ments,  efpecially  this,  for  we  fee  that  Pendulums  do  not 
exaftly  return  to  the  fame  Height  from  which  they  fell,  or 
elfe  they  wou’d  have  a  Perpetual  Motion  ;  but  we  fee  that 
they  Stand  Rill  in  a  little  time. 

Several  Confequences  are  drawn  from  the  Gravity  and 
RefiRance  of  the  Air,  which  are  conHrm’d  by  Experiments. 
The  firR  is,  that  the  Motion  of  a  heavy  Body  is  not  alto  ays  Accele¬ 
rated^  but  at  a  certain  Height  it  becomes  E^ual  and  Uniform  in 
the  Air  ;  becaufe  the  RchRance  of  the  Air  encreafng  in  the 
fame  proportion  as  the  Spaces  encreafe  ;  and  confcquently 
in  a  Duplicate  Ratio  of  the  Times,  or  of  the  Velocities,  this 
RehRance  may  become  fo  great  as  to  deRroy  as  much  of  the 
Velocity  as  fhou’d  be  produc’d,  and  by  that  means  hinder 
the  Velocity  of  the  Moving  Body  from  being  encreas’d  any 
more. 
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The  Second  is,  That  Different  Bodies  moving  in  the  fame 
Medium  have  not  their  Motions  Accelerated  after  the  fame  Manner^ 
by  reafoii  of  the  difference  of  their  Bulk,  which  meets  with 
more  or  lefs  Refiftance;  becaufe  Thofe  of  a  greater  Bulk 
,  drive  more  Air  before  them  than  Thofe  of  a  lefs. 

The  Third  is,  That  the  Motion  of  Heavy  Bodies  is  differently 
Accelerated  in  different  Mediums ^  and  in  the  mofl  Denfe  Medium  it 
becQ7nes  Equal  fooneff  ;  becaufe  the  more  Denfe  the  Medium  is^ 
the  more  difficulty  it  has  to  make  its  Circulations,  and  coii-* 
feq*iently  it  refifts  Motion  the  more  eafily. 

The  Fourth  is,  That  the  Leaf  Bodies  of  the  fame  Homogeneous 
Matter  fall  xoith  lefs  Velocity ^  and  come  fooneji  to  an  Equality  ;  be¬ 
caufe  that  Body  which  has  a  Greater  Surface  is  more  refifted 
than  that  which  has  a  Lefs,  and  the  Lefs  Bodies  have  a  greater 
Surface  than  the  Great  Ones  in  refpeft  of  their  Weight  or 
Solidity  ;  for  we  are  taught  by  Geometry  that  if  a  Cube  has 
its  Surface,  for  Example^  of  One  Foot,  another  Cube  Eight 
times  as  heavy  w^ll  have  its  Surface  but  of  Four  Foot.  Ac¬ 
cording  to  this  Principle,  the  Duft  falls  very  flowly  when  it 
is  rais’d.  Birds  fuftain  themfelves  in  the  Air  by  fpreading 
their  Wings,  and  a  Pike  thrown  in  the  Air,  or  in  the  Water, 
falls  upon  its  Point,  &c. 

The  Fifth  is.  That  there  is  a  Determinate  Height  which  pro¬ 
duces  in  a  Heavy  Body  the  greateji  Velocity  that  it  can  acquire  ht 
Falling  ;  fo  that  if  it  fhou*d  fall  from  an  Fligher  place  it 
wou  a  have  no  more  Velocity,  which  is  evident  from  the 
firft  Confequence,  where  we  have  faid  that  tlic  Motion  of  a 
Heavy  Body  is  not  continually  Accelerated  ;  but  that  at  a 
determinate  Height  it  becomes  Equal. 

The  Sixth  is,  there  is  a  Determinate  Height^  thegreateff 
of  all  thoje  to  which  the  Velocity  which  a  Body  has  acquird 
in  Falling,  can  make  the  fame  Body  Rife  up  again  ;  becaufe  by 
the  foregoing  Confequence,  there  is  a  determinate  Height, 
which  produces  the  greateft  Velocity  that  a  falling  Body  can 
acquire,  and  that  Velocity  can  make  it  rife  up  again  buc 
about  to  the  fame  Height. 

The  Seventh  is.  That  a  Body  thrown  Upwards  by  a  Force 
Greater  than  the  Greateji  that  it  can  acquire  in  Falling,  oteght  td 
be  longer  in  Falling  than  in  Rifing  ;  becaufe  the  Velocity  of  the 
Body  thrown  up  to  any  Height  whatever,  is  continually  di- 
minilh*d  ;  wlicrcas  the  Velocity  of  the  fame  Body  in  its  fall 
cncrcafes  but  till  it  comes  to  fuch  a  Height,  it  being  certain 
that  if  it  fliou’d  cncreafe  continually,  the  Body  wou’d  be  juft 
as  long  in  falling  as  it  was  in  rifing. 

The  Eighth  is,  That  if  a  Body  be  thrown  Downwards  hy  a  Force 
which  exceeds  the  Greateji  Force  that  it  can  acquire  in  falling,  ic 
has  »  Retarded  Motm  ;  becaufe  by  the  firft  Confcquence  the 

Ê  Body 
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Body  which  falls  with  the  Greateft  Velocity  that  its  fall 
wou’d  giv'^e  it,  meets  with  a  Refiftanee  in  the  Air,  equal  to 
Its  Gravity;  and  when  it  goes  with  a  Greater  Force,  the 
Refinance  of  the  Air  becomes  Greater  than  its  Gravity,  and 
muft  deftroy  part  of  the  Motion,  which  thus  will  be  Slack¬ 
ened  and  Retarded. 

This  laft  Confequence  fliews  xvhy  a  Cannon-Ball  Ihot 
t>own wards  Retards  its  Moton  ;  becaufe  fuch  a  Ball  is  put, 
30  Motion  by  the  Force  of  the  Powder  which  gives  it  a 
.  greater  Velocity,  than  that  which  its  Abfolute  GrWity 
wou’cl  have  given  it  in  falling  :  And  the  Seventh  Confe¬ 
quence  fliews  likewife  the  reafon  of  this  Experiment,  which 
Father  Merfemius  Cakes  notice  of  in  his  BaUfiica,  or  Art  of 
throwing  Heavy  Bodies,  Prop.  13. 

This  Author  fays,  that  he  has  found  by  feveral  Experi¬ 
ments,  that  an  Arrow  which  has  been  Three  Seconds  inRifing 
has  been  Five  in  Defcending  :  And  tho’  he  adds  that  an  Iron 
Bullet  of  Three  Pound-weight  having  been  fhoc  Upwards 
perpendicularly  by  a  Mortar-piece  a  Foot  long,  has  fpent  as 
much  time  in  Riling  as  in  Defcending,  •viz.  Six  Seconds  ; 
yet  it  does  not  follour  that  it  muft  always  happen  fo,  the 
Difference  not  being  fo  confiderable  in  a  Bullet  as  in  an 
Arrow,  whofe  Motion  comes  fooneft  to  an  Equality,  by 
reafon  of  its  Lightnefs. 

PROPOSITION  VIIL 

THEOREM. 

If  a  Tower  pujbes  horizontally  a  Heavy  Body  up-^ 
wards  y  it  wiH  caufe  it  to  move  in  a  Taraholkk 
Line^  both  in  its  ^feent  and  Defcent. 

PErpeadicular  Projections  either  Upwards  or  Downwards, 
which  we  have  fpoken  of  in  the  Foregoing  Propofi- 
cions,  in  refpeCt  to  u.s  are  always  in  a  Right-line  perpendi¬ 
cular  to  the  Horizon,  whofe  Direction  is  not  alter’d  by  the 
Gravity  of  the  Body,  w^hich  only  Shortens  the  Right-line  of 
a  Body  tending  Upwards,  or  Lengthens  that  of  a  falling 
Body. 

It  is  not  fo  of  the  Motion  of  Bodies  thrown  Horizontally, 
or  Obliquely,  whofe  Line  of  Direction  is  alter’d  by  Gravity, 
W'hich  hinders  that  Line  from  continuing  S'treight,  becaufe 
of  the  Horizontal  or  Oblique  Motion  which  miites  with 
the  perpendicular  Force  of  Gravity  ;  and  this  caufes  the 
Body  which  is  thrown  horizontally,  or  fideways,  to  move 

in 
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in  a  Curve  line,  which  is  the  Circumference  of  a  Parabola, 
as  we  fliall  firft  demoriftrate  in  the  horizontal  ProjeOiion, 
fuppofing  the  Air  not  to  refill  the  motion  at  all,  and  the 
Lines  of  Direflion  of  Heavy  Bodies  to  be  parallel  to  one 
another* 

DEMONSTRATION. 


Süp^oÇe  thcnj  for  Example,  that  the  Bullet  A,  which  we 
will  fuppofis  perfeftly  Round,  of  a  very  Hard  and  Uniform  p.  ^ 
Matter,  to  be  driven  by  fome  external  caufe,  fuch  as  might  ^ 
be  the  force  of  Powder,  with  a  determinate  degree  of  Velo¬ 
city,  which  direfts  it  towards  D,  along  the  horizontal  Line 
AD  ;  the  equal  Spaces  of  which  (‘viz.)  AB,  BC,  CD,  it  wou’d 
go  thro’ in  equal  Times,  if  it  had  no  Gravity,  or  if  it  Ihou’d 
run  along  the  horizontal  Plain  AD  ;  but  if  that  horizontal  Plain 
be  taken  away,  and  the  Bullet  A  be  left  to  it  felf  with  a  li¬ 
berty  to  move  according  to  the  Force  imprefs’d  by  the  Pow¬ 
der  it  wou’d  go  on  towards  D,  if  it  were  not  for  a  new  Im» 
predion  which  it  receives  from  its  own  Gravity,  which  ob-  • 
liges  it  to  turn  out  of  its  Streight  direftion  AD  and  move  in 
the  Curve  AEFG,which  is  a  compound  of  thé  T  wo  Motions  ; 

One  of  which  Cviz.)  that  which  is  imprefsM  by  the  Force  of 
the  Powder,  is  Equal  and  Uniform  ;  and  the  Other,  which  ic 
receives  from’its  own  Gravity  is  Uniformly  Accelerated.  So 
that  if  the  firll  Moment,  the  Bullet  A,  has  according  to  fts  Line  ' 
of  Direflion,  run  thro’  the  Space  AB,  by  the  Equal  Motion 
which  it  had  from  the  Impulfe  of  the  Powder,  and  thé  Space 
BE  by  the  Accelerated  Motion  of  its  Gravity  ;  the  fécond 
Moment  whilft  it  goes  thro’  the  Space  BC  equal  to  the  firft 
AB  by  its  equal  Motion,  it  will  go  thro’  the  Space  CF 
which  is  Four  times  as  great  as  the  firft  BE,  or  AH,  by  the 
Accelerated  Motion  ;  and  the  third  Moment  whilft  it  goes 
thro’  CD,  equal  to  the  firft  Space  AB  by  its  equal  Motion,  it 
will  by  the  Accelerated  Motion  go  thro’  DG,  which  is  Nine 
limes  BE,  and  fo  on,  according  to  thé  Squares  of  the  Times; 
w'hich  Times  are  reprefented  by  the  Lines  AB,AC,AD,  or 
their  equals  HÈ,ÏF,KG,  which  are  parallel  to  the  Horizon, 
and  terininated  by  the  Line  AK  perpendicular  to  the  Hori- 
•zon  ;  as  the  Lines  BE,CF,DG,  or  .  their  equals  AH,AI,AK, 
reprefent  the  Spaces  which  the  Bullet  A  has  fain  thro’  ini 
Each  Time  :  And  fince  thefe  Lines  areas  the  Squares  i,  4,  9, 
pf  the  Lines  HE, IF, KG,  it  is  cafy  to  conclude  from  the  De¬ 
finition  of  a  Parabola,  that  the  Curve  AEFG,  is  a  Farabobck 
line,  whofe  is  AK,  and  wliofe  Qrdinaus  are  HE, IF, KG. 
S.E0. 

Es  FRO- 


IQ/ 

L 


I 
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PROPOSITION  IX. 


THEOREM. 

The  Lines  of  Oblique  TrojeBions  are  aJfo  TaraboJickc 

Plate  9.  'T  Say,  that  the  Curve  line  AEFG,  which  the  Bullet  A  has 
49*  X  defcrib’d  being  driven  Obliquely  ;  that  is,  in  a  Dire£tion 
between  a  Parallel  and  a  Horizontal  one,  isalfo  the  Circum¬ 
ference  of  a  Parabola. 


DEMONSTRATION. 

Since,  as  we  have' obferv’d  in  Prop.  5,  when  a  Body  is 
driven  Upwards,  the  Velocities  decreafe  in  Rifing  after  the 
fame  proportion  as  they  cncreafe  in  Falling  ;  the  equal 
Times  being  reprefented  as  before,  by  the  Three  equal 
Parts  AB,BC,CD,  of  the  horizontal  Line  AD,  which  repre- 
fents  the  Time  that  the  Bullet  A  has  fpent  to  come  to  G  the 
highefi:  Place  ;  if  in  the  Firft  Moment  AB,  this  Bullet  has 
rifen  to  E,  for  Example,  Five  Foot,  the  Second  Moment  BC,  it 
will  have  rifen  to  F  Three  Foot  more  than  the  firft  ;  and  the 
Third  and  Laft  Moment  CD,  it  will  have  rifen  to  G  One 
Foot  higher  then  the  Second,  fo  that  in  all  it  will  have  rifen 
9  FFoot.  Thus  will  the  Perpendicular  DG  be  9,  when  the 
Line  AD  is  3,  the  fquare  Root  of  9  ;  the  Line  GH  will  be 
4,  when  the  Line  EH  equal  to  BD  is  2,  the  fquare  Root  of  4; 
and  the  Line  G1  will  be  i,  when  the  Line  FI  equal  to 
CD  is  r,  the  fquare  Root  of  i  ;  where  you  fee  that  the 
Squares  of  the  Ordinates  AD,  EHFI,  are  to  the  Axis  GD, 
as  the  Correfpondent  parts  GD,  GH,  GÏ,  and  confequently 
that  the  Curve  AEFG,  is  a  Parabola.  §lfE.D. 

SCHOLIUM. 

It  is  plain  that  the  Line  of  Direftion  AK  by  which  the 
Bullet  A  driven  up  by  the  Powder,  touches  the  Parabola 
at  the  point  A,  becaufe  at  the  very  inftant  that  the  Force 
drives  the  Bullet  A  according  to  the  Line  of  Direftion  AK, 
its  Gravity  caufes  it  to  defeend  a  fittle,  by  turning  it  out  of 
the  Right  line  AK,  and  making  it  deferibe  the  Parabola 
AEFG.  The  Angle  DAK,  made  by  the  Line  of  Direftion 
AK,  and  the  horizontal  Line  AD  is  call’d  the  Angle  of  Incli¬ 
nation,  and  the  Breadth  of  the  Parabola,  which  is  terminated 
•on  the  horizontal  Line  AD  produc’d,  is  call’d  the  Amplitude 
»/  the  Parabola,  whofe  half  here  is  AD. 


CHAP 
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CHAPTER.  IL 

Of  the  Defcent  of  Heavy  Bodies  upon  IncUfid  Tlaim^ 

WH  E  N  a  Heavy  Body  Rolls  upon  an  inclin’d  Plain,  to 
go  to  the  loweft  place  that  it  can,  it  goes  with  lefs 
Velocity  than  if  it  ftiou’d  fall  freely  in  the  Air,  its  Relative 
being  lefs  than  its  Abfolute  Gravity  ;  becaufe  its  perpendi¬ 
cular  Defcent  is  hinder’d  by  the  inclin’d  Plain  w’hich  in  part 
fuftains  it.  Whence  it  is  eafy  to  conclude,  that  the  Lefs 
the  Plain  is  Inclin’d,  the  Lefs  is  this  Relatve  Gravity  ;  fo 
that  it  becomes  equal  to  nothing  when  the  Plain  is  not  In¬ 
clin'd,  but  Horizontal.  There  are  feveral  Curious  and  Ufe- 
ful  things  to  be  obferv’d  concerning  Relative  Gravity,  which 
we  Ihall  cake  notice  of  in  the  following  Propoiitions. 

PROPOSITION  L 

THEOREM. 

If  a  Tower  fuftains  a  Spherical  JVeight^  that  endea- 
vours  to  roll  along  ah  Inclidd plain  whofe  Baf  'e  is 
parallel  to  the  Horizon^  hy  a  Line  of  Dire&ion^ 
which  pajjing  thro  the  Center  of  Gravity ^  of  the 
fVeightj  is  parallel  to  the  Hypotenufe  of  the 
Re 61  angular  Triangle^  which  determines  the  In^ 
clination  of  the  Tlain  ;  T^hat  Tower  :  will  he  to 
the  JVeight  which  prejjes  the  Tlain  :  :  as  the 
.  Height  of  the  Re 61  angular  Triangle i  is  to  the  Hy^- 
potenufe, 

ISay,  that  if  a  Power ,  whofe  Line  of  Dire3:ion  ED  i 
paries  thro’  the  Center  of  Gravity  D  of  the  Spherical  61 

Weight  FGH,  (which  endeavours  to  roll  along  the  inclin’d 
Plain  BC,)  and  is  parallel  to  BC  the  Hypotenufe  of  the 
Rectangular  Triangle  ABC,  whofe  Bafe  AB  is  parallel  to  • 
the  Horizon,  fuftains  the  Weight  FGH;  the  Power;  wnll 
have  the  fame  Ratio  to  the  Weight  ;  ;  or  what  the  Power 
fuftains  will  have  the  fame  Ratio  to  what  the  Plain  fuftains, 
as  the  Height  AC  ;  has  to  the  Hypotenufe  BC, 

E3 


PRE- 
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PREPARATION. 

Draw  from  the  point  F,  where  the  Spherical  Dody  FGH 
I  ÿ.  touches  the  Plain  BC,  thro*  the  Center  D,  the  Diameter  FH, 
■pir*  (5l.  which  by  the  i^th  of  the  3.1?  Element ^  will  be  perpendicular  to 
the  Hypotenufe  BC^  and  confequently  to  its  parallel  ED. 
Draw  again  from  the  Center  D,  the  line  DK  perpendicular 
to  the  Horizon,  and  confequently  to  the  Bafe  AB  alfo,  which 
will  be  the  Line  of  Direftion  of  the  Weight  EFG.  Laftly, 
Draw  from  the  point  F  the  line  FI  parallel  to  the  Horizon j 
or  to  the  Bale  AB,  which  will  be  perpendicular  to  DK,  fo 
that  thé  ReftanguJar  Triangle  DFO  will  8.6.  be  divided 
into  Two  Reftangular  Triangles  FID,  FÏO,  Similar  to  one 
another  and  alfo  to  the  Triangle  OKB,  or  to  ABC  Similar 
toit. 

DEMONSTRATION. 

Having  made  this  Preparation,  it  will  ealily  be  known, 
that  ED  being  the  Line  of  Direftion  of  the  Power,  and  DK 
the  Line  of  Direftion  of  the  Weight,  it  is  as  if  the  Power 
were  apply*d  at  D,  and  the  Weight  fufpended  at  I,  and 
therefore  DFI  may  be  confider’d  as  a  Bendèd  Leaver,  whole 
fix’d  Point  is  F,  the  diftance  of  the  Power  FD  and  the 
diftance  of  the  Weight  FI  ;  and  in  fuch  a  cafe,  as  has  beeii 
clfewhere  Demonftrated,  the  Power  :  is  to  the  Weight  :  :  as 
FI,  the  diftance  of  the  Weight  ;  is  to  FD  the  diftance  of  the 
Power:  Wherefore  if  inftead  of  the  Two  laft  Terms  FI, 
FD,  the  Two  AC,  BC,  which  are  in  the  fame  Ratio  (by 
reafon  of  the  Similar  Triangles  FDI,  ABC,)  be  us’d,  it  will 
.  be  found  that  the  Power  ;  is  to  that  part  of  the  Weight 
which  bears  upon  the  Plain  ;  ;  as  the  Height  AC  :  is  to  the 
Hypotenufe  BC.  D.  ' 

SCHOLIUM. 

It  is  plain  from  this  Propofition,  that  if  mllead  of  fup- 
poling  the  Power  to  fullain  the  Weight  FGH,  by  means  of 
the  Rope  ED  tied  to  its  Center  D,  and  parallel  to  the  Plain 
BC,  you  imagine  die  Weight  to  be  Hopp’d  by  the  plain  LM 
perpendicular  to  the  Plain  BC,  the  Relative  Gravity  whereby 
the  Weight  will  bear  againfl:  the  Plain  LM  :  will  be  to  that 
whereby  it  bears  againft  the  Plain  BC  :  as  the  Height  AC  : 
to  the  Hyporenufe  BC. 

It  is  alfo  plain,  that  if -inflead  of  a  Power  apply’d  at  E, 
there  was  a  Weight  N  tied  to  a  Rope  palling  over  a  Pulley 
■  fo  plac’d  that  the  part  ED  of  the  Rope  Hiou’d  be  parallel  to 
the  Hypotenufe  jiiC,  and  this  Weight  N  ihou’d  keep  the 

Weight 
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Weight  D  In  Æ-quilibrio  ;  the  Weight  N  :  wou’cl  be  to  the  pUte  15. 
Weight  D:  ;  as  the  Height  AC  :  to  the  Hypotenufe  BC  ; 
and  reciprocally,  if  the  Height  AG  :  was  to  the  Hypotenufe 
BC  ;  :  as  the  Weight  N  ;  is  to  the  Weight  D  ;  thofe  Two 
Weights  N,D,  ^woifd  be  in  Æquîlîbrîo, 

Laftly,  ’tis  evident,  that  the  Power  thus  apply’d  is  al¬ 
ways  lefs  than  that  part  of  the  Weight  which  bears  upon 
the  Plain  ;  becaufe  the  Line  AC  muft  needs  be  lefs  than  the 
Hypotenufe  BC.  By  the  Weight  D  is  underftood  here,  not 
its  Abfolute  Gravity,  but  as  much  of  it  as  the  Plain  BC 
bears  up,  and  by  the  Power,  which  is  equal  to  the  Weight 
N,  the  remaining  part  of  the  Weight  D  which  is  fuftain’d 
in  the  Air  and  not  fupported  by  the  Plain  BC.  If  you  confidet 
the  Abfolute  Gravity  of  the  Weight  D,  we  Ihall  Demonftrate 
in  the  Fifth  Prop,  that  it  is  to  the  Weight  N,  as  AC  is  to  BC. 

P  R  O  P  O  S  I  T  I  0  N  IL 


THEOREM. 


If  a  Tower  fujlains  a  Spherical  W'eight^  that  endea¬ 
vours  to  roll  along  an  inclin'd  Tlain^  whofe  Baje 
is  parallel  to  the  Horizon^  hy  a  Line  of  Di- 
refiion^  which  being  parallel  to  that  Bafe^  goes 
thro*  the  Center  of  Gravity  of  the  Jaid  IVeight  ; 
the  Tower  :  will  he  to  the  Weight:  :  as  the  Height 
of  the  inclin'd  Tlain  :  to  the  Length  of  its  Bafe, 


ISay,  That  if  a  Power,  (whofe  Line  of  Direftion  DL 
goes  thro’  the  Center  of  gravity  D,  of  the  Spherical 
Weight  EFG,  which  endeavours  to  roll  along  the  inclin’d 
’Plain  BC,  and  is  parallel  to  the  Bafe  AB,  which  I  fuppofe 
parallel  to  the  Horizon)  fuftains  that  Weight  EFG ,  the 
Power:  will  have  the  fame  Ratio  to  the  Weight::  as  the 
Height  AC  ;  has  to  to  the  Lengh  AB. 


Plate  7. 

F/^.44, 


PREPARATION. 


Draw  from  the  point  E,  where  the  Spherical  Body  EFG, 
touches  the  Plain  BC,  thro*  its  Center  D,  the  Radius  DE, 
which  1 8. 3.  will  be  perpendicular  to  BC  the  Hypotenufe ''of 
the  Reftangular  Triangle  ABC.  Draw  again  from  the  Center 
D,  the  Line  DH  perpendicular  to  the  Horizon,  and  confe- 
quently  to  the  Bafe  AB,  which  ^Yill  be  the  Line  of  Direflion  of 
the  Weight  EFG.  Laftly,  Draw  from  the  point  E,  where  the 
Body  touches  the  plain,  the  Line  EÎ  perpendicular  to  DH 

E  4  the 
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Phte  7,  rhe  Line  of  Dire&ion  of  the  Weight  ;  to  which  Line  of 
^-'^.44.  Direction  the  Power  is  alfo  perpendicular:  Thus  will  the 
Rcftangular  Triangle  DEO,  be  by  ^  6.  divided  into  Two 
Rectangular  Triangles  EDI,  EIO,  Similar  to  one  another, 
and  to  OHB,  or  ABC  Similar  to  it. 

DEMONSTRATION. 

Having  made  this  Preparation ,  it  will  be  known  hy 
^^xiom  9.  that  if  the  Power  be  apply ’d  at  L,  it  is  the  fame  as 
if  it  was  apply ’d  at  M,  where  DE  its  Line  of  Direftion  is 
cut  at  Right-angles  by  EM  parallel  to  DH  the  Line  of  Di- 
rcftion  of  the  Weight  ;  and  as  if  the  Weight  fhou*d  hang 
from  I,  where  its  Line  of  Direftion  DH  is  cut  at  Right- 
angles  by  El  parallel  to  DL  the  Line  of  Direftion  of  the 
Power  ;  and  therefore  that  MEI  may  be  confider’d  as  a 
Bended  Leaver,  whofe  fix’d  Point  is  at  E,  the  diftance  of 
the  Power  EM,  and  the  diftance  of  the  Weight  El  ;  and  in 
fuch  a  cafe,  as  has  been  elfewhere  Demonftrated,  the  Power  : 
is  to  the  Weight  :  :  as  El  :  is  to  EM,  or  DI  its  equal  :  Where¬ 
fore  if  inftcad  of  El,  DI,  the  Two  laft  Terms,  you  Ihou’d 
put  AC,  AB,  which  are  in  the  fame  Ratio  by  reafon  of  the 
Similiar  Triangles  ABC,  EDI,  it  will  be  known  that  the 
Power:  is  to  the  Weight:  :  as  AC  ;  is  to  AB^  D. 

SCHOLIUM. 

It  is  plain  by  what  has  been  Demonftrated,  that  when  the 
Angle  B  of  Inclination  is  half  a  Right  one,  in  which  cafe  the 
Angle  C  muft  alfo  be  half  a  Right,  the  f  Power  will  be"Equal 
to  the  Weight,  becaufe  in  fuch  a  Suppofition,  the  Lines  AB, 
and  AC  are  equal  :  And  when  the  Angle  of  Inclination  B  is 
left  than  half  a  Right,  in  which  cafe  the  Angle  C  will  be* 
greater  than  half  a  Right,  the  Power  will  be  lefs  than  the 
Weight,  becaufe  then  AB  will  be  greater  than  AC  :  And 
laftly,  when  the  Angle  of  Inclination  B  is  greater  than  half 
a  Right,  in  which  cafe  the  Angle  C  muft  be  lefs  than  half  a 
Right,  the  Power  will  be  greater  than  the  Weight  ;  becaufe 
then  AB  will  be  lefs  than  AC. 

I  It  is  alfo  plain,  that  if  inftead  of  a  Power  apply’d  at  L, 

Varagrapb  to  fuftain  the  Weight  EFG,  by  means  of  the  Rope  DL  tied 
€f  the  SQho-  to  its  Center  D,  and  parallel  to  the  Horizon,  or  to  the  Bafe 
îium.  aB,  this'Rope  was  made  to  pafsover  the  Pulley  N,  to  hang 
the  Weight  K  at  it,  which  fliou’d  keep  the  Weight  D  in 
Æquilibrio  j  this  Weight  K;  which  wou’d  be  here  inftead  of 
a  Power,  wou’d  be  to  the  Weight  D:  :  as  AC:  is  to  AB  ; 
and  reciprocally  if  K  :  was  to  D  ;  :  as  AC  :  is  to  AB,  thefe 

Twd 
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T  wo  Weights  KD,  wou*d  be  in  Æquîlihrio ,  becaule  the 
Weight  K  afts  juft  as  a  Power  wou’d  do. 

Laftly,  it  is  evident,  That  if,  inftead  of  the  Power  at  L,  or 
of  the  Weight  at  K,  the  Surface  PG  perpendicular  to  the 
Horizon,  or  to  the  Bafe  AB,  ftiou’d  be  fo  apply’d  as  to  touch 
the  Weight  EFG  at  G,  and  keep  it  from  falling,  the  Relative 
Weight  of  EFG,  by  which  it  fhou’d  prefs  againft  the  Sur¬ 
face  PG  ;  wou’d  be  to  that  Gravity  by  which  it  Ihou’d  bear 
on  the  Plain  BC  :  :  as  AC  :  to  AB. 

PROPOSITION  III. 

THEOREM. 

If  Tnjco  Spherical  Weights  fi^end  to  one  anotber 
with  a  Rope  parallel  to  the  Horizon  hjf  their 
Centers  of  Gravity^  keep  one  another  in  Æquilibrio 
upon  7 wo  inclin'd  Thins  of  the  fame  HeigSt^ 
whofe  Bafes  are  upon  the  fame  plain  par  aUel  to 
the  Horizon  ;  they  will  he  to  one  another^  as  the 
Lengths  of  tho/e  Bafes. 

The  Triangle  ABC,  whofe  perpendicular  is  CD,  is 
the  Profil  of  the  Two  inclin’d  Plains  AC,BC,  whole 
common  Height  is  CD,  and  whofe  Bafes  AD,  BD,  are  upon 
the  fame  Plain  AB  parallel  to  the  Horizon  ;  And  there  are 
upon  thefe  Two  inclin’d  Plains  AC,  BC,  the  Two  Weights 
E,F,  which  keep  one  another  in  Æqüîlibrio  by  means  of  the 
Rope  EF,  which  palling  thro’  their  Centers  of  Gravity  is 
parallel  to  the  Horizon,  or  to  the  Plain  AB.  Now  in  this 
cafe,  I  fay,  that  the  Weight  E;  is  to  the  Weight  F;;  as 
AD  :  is  to  BD. 

DEMONSTRATION. 

• 

Since  the  Two  Weights  EF  keep  one  another  in  ÆqiùUbrîo^ 
in  fuch  manner  that  the  One  does  not  draw  the  Rope  more 
than  the  Other,  the  fame.  Power  that  wou’d  fuftain  the 
Weight  E  upon  the  Inclin’d  Plain  AC,  by  the  Line  of  Di- 
redlion  EF,  wou’d  alfo  fuftain  the  Weight  F  upon  the  In¬ 
clin’d  Plain  BC,  by  the  fame  Line  of  Direftion  EF  ;  And  as 
ly  Prop.  2,  the  Power  which  Ihou’d  fuftain  the  Weight  E 
u[»on  the  Inclin’d  Plain  AC  :  wou’d  be  to  that  Weight  E  :  : 
as  CD:,  is  to  AC;  and  that  the  fame  Power  whicli  fliou’d 
fuftain  the  Weight  F  upon  the  Inclin’d  Plain  BC:  wou’d  be 

to 


Piate  7. 
44* 


Plate  6« 
Fig.  40. 


Plate  6 
40. 


Plate  i<r. 

62. 


*74  A  Treaîije  of  Mechanicks.  Book  II. 

to  that  Weight  F  :  ;  as  CD  ;  is  to  BD  ;  it  will  be  concluded 
by  Equality the  Weight  E  ;  is  to  the  Weight  F;;  as  AD  ; 
is  to  BD.  SL  E.  D, 

SCHOLIUM. 

Here  you  mufl:  note,  that  when  we  fpeak  of  a  Weight  fee 
on  an  Inclin’d  Plain,  as  of  the  Weight  E,  to  compare  it 
with  another  Weight,  or  a  Power  that  might  fuftain  it,  we 
do  not  fpeak  of  its  Abfolnte  Gravity,  wnth  which  it  tends 
toward  the  Center  of  the  Earth,  but  of  that  Gravity  wliere- 
w-ith  it  prefTes  on  the  Plain  ABC,  which  muft  necelTarily  be 
îefs  than  the  Abfolute,  becaufe  there  is  but  part'  of  the 
Heavy  Body  that  prefTes  on  the  Plain;  fince  it  endeavours 
to  roll  along  the  Plain. 

PROPOSITION  IV. 


T  H  E  O  R  E  M. 


•  ▼ 

If  Two  Sperkal  J^eights  [joined  hy  theit  Centers  of 
Gravity  vohh  a  Rope^  which  paffing  over  a  RuRey^ 
folds  in  fuch  a  manner  that  its  T wo  Tarts  are  pa^ 
raÜel  to  Two  Inclirià  Tlainsy  of  the  fame  Height ^ 
whofe  Bafes  are  upon  the  fame  horizontal  Tlainf) 
keep  one  another  in  Æqiiilibrio  upon  the  Two  In- 
din  d  Tlainsj  they  will  he  to  one  another  as  the 
Length  of  one  of  thofe  Indin^d  Thins  is  to  the 
Length  of  the  other. 


THE  Triangle  ABC,  whofe  Perpendicular  CD,  is  the 
Profil  of  the  Tvvo  Inclin’d  Plains  AC,  BC,  whole 
common  Height  is  CD,  and  whofe  Bafes  AD,  BD,  are  upon 
the  fame  Plain  AB,  parallel  to  the  Horizon  ;  and  there  are 
upon  thefe  Two  Inclin’d  Plains  AC,  BG,  the  Two  Weights 
E,F,  which-keep  one  another  in  Æqmlibrio  by  means  of  the 
Rope  EGF,  which  going  over  the  Pulley  G,  and  thro’  their 
Centers  of  Gravity,  hangs  on  each  fide,  in  fuch  manner,  that 
the  part  EG  is  parallel  to  the  Inclin’d  Plain  AC,  and  the  pare 
FG  parallel  to  the  Inclin’d  Plain  BC.  I  fay,  that  in  fuch  a 
cafe,  the  Weight  Es  is  to  the  Weight F;:  as  AC:  to  BC, 


DEMONSTRATION. 


Since  the  Two  Weights  E,F,  keep  one  another  in  Æquîlî- 
brio^  in  fuch  manner  that  each  of ’em  endeavours  with  equal 

Force 
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Force  to  defcend  along’ its  Inclin’d  Plain,  drawing  the  Rope 
Equally  ;  the  fame  Power  which  cou’d  fuftaiii  the  Weight  E  <52.  * 
upon  the  Inclin’d  Plain  AC,  hy  the  Line  of  Direftion  EG,  ^ 
cou’d  alfo  fuftain  the  Weight  F  upon  the  Inclin’d  Plain  BC, 
by  the  Line  of  Dircftion  FG:  And  as  by  Prop.  i.  the  Power 
which  IhouM  fuftain  the  Weight  E  upon  the  Inclin’d  Plain 
AC  :  wou’d  be  to  that  Weight  E  :  :  as  CD  :  is  to  AC  ;  and  that 
the  fame  Power  which  Ihou’d  fuftain  the  Weight  F  upon  the 
Inclin’d  Plain  BC  :  wou’d  be  to  that  Weight  F  :  :  as  CD  :  is  ^ 
to  BC  V  it  will  be  concluded  by  Equality,  that  the  Weight  E  s 
is  to  the  Weight  F  :  :  as  AC  :  is  to  BC* 

SCHOLIUM.  ♦ 

The  Inverfe  Propofttion  is  alfo  true,  ^i&.  If  the  Two 
Weights  E,F,  are  to  one  another  as  the  Lengths  AC,  BC,  they 
will  keep  one  another  in  Æquilibrio  •  which  holds  alfo  in 
Prifms  plac’d  perpendicularly  upon  Inclin’d  Plains,  and  tied 
by  their  Centers  of  Gravity. 

PROPOSITION  V. 

THEOREM. 

Jf  the  Abjdute  Weight  of  a  Body  as  it  lies  upon  an 
I nclin'd  Tlain,  is  to  that  of  another  Body  that  falls 
Terpendicularly  ^  as  the  Height  of  the  Inclin'd 
Tlain  to  its  length  t  thofe  Two  Weights  will  E- 
quiponderate. 

ISay,  that  if  the  Abfolute  Gravity  of  the  Weight  D  fet  ^ 
upon  an  Inclin’d  Plain  BC,  is  to  that  of  the  Weight  N, 
which  falls  perpendicularly,  as  the  Height  AC  is  to  the 
Length  BC  ;  thefê  Two  Weights  N,D,  will  be  in  Æquilibrio ‘ 
that  is,  each  of  them  will  endeavour  to  defcend  with  an  equal 
Force, fo  that  if  they  are  join’dby  a  Rope,  as  in  Prop.i.  in  fijch 
manner  that  the  One  has  as  muchVelocity  as  the  Ocher,  each 
will  draw  its  part  of  the  Rope,  which  goes  over  the  Pulley  E. 

DEMONSTRATION. 

s 

• 

If  on  the  Length  BC,  you  take  the  part  BP  equal  to  the 
Height  AC,  and  from  P  draw  PQ  perpendicular  to  AB,  and 
then  fet  the  Weight  N  at  C,  and  the  Weight  D  at  B  ;  you 
will  find  that  if  you  caufe  the  Weight  N  to  defcend  from  C 
to  A,  the  Weight  D  will  Rife  upon  the  Inclin’d  Plain  BC, 

from 
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Plate  1$.  from  B  tb^P,  becaufe  BP  has  been  made  equal  to  AC  ;  fo  that 
it  will  have  rifen  the  Height  PQ,  when  the  Weight  N  has 
fain  the  Height  AC. 

Thus  the  line  AC  which  is  the  Velocity  of  the  Weight  Ns 
will  be  to  the  Line  PQ  which  is  the  Velocity  of  the  Weigh^: 
D:  :  reciprocally  as  the  Weight  D:  is  to  the  Weight  N,  by  ihïs 
Rule  of  Mechanicks,  which  we  have  obferv’d  in  the  Leaver, 
and  the  other  Engines,  'viz.  that  the  Weights  are  reciprocally 
proportional  to  their  Velocities.  Wherefore,  if  inftead  of  the 
Two  firft  Terms  AC,PQ,  you  fliou*d  put  the  Two  BC,  AC, 
which  are  in  the  fame  Ratio^  by  4.d.  becaufe  of  the  Similar  Tri¬ 
angles  ABC,  QBP,  it  will  be  true  to  fay  that  BC  :  is  to  AC;  s 
as  the  Weight  N  :  is  to  the  Weight  D,  when  thefe  Two 
Weights  are  in  Æquilïbrio  ;  and  confequently,  if  the  Weight 
D  :  is^to  the  Weight  N;:  as  the  Height  AC  ;  to  the  length 
BC,  thefe  Two  Weights  N,D,  will  be  in  Æ^uilihrio.  ^E.D* 

PROPOSITION  VI. 

THEOREM. 

/f  of  Two  Equal  Weights  the  One  defends  Per^ 
pendicularly^  and  the  Other  along  an  inclin'd  Plain  ; 
their  Relating  Gravity  wiU  he  Reciprocally  Pro* 
portional  to  the  Lengthy  and  the  Height  of  the 
Plain, 

ISay,  That  if  the  Weight  D,  which  is  upon  the  inclin’d 
Plain  BC,  is  Equal  to  the  Weight  N,  which  defcends 
perpendicularly  ;  the  Force  with  which  the  Weight  D  en¬ 
deavours  to  defcend  upon  the  inclin’d  Plain  BC,  is  to  the 
Force  with  which  the  Weight  N  endeavours  to  defcend  per¬ 
pendicularly,  as  the  Height  AC,  is  to  the  Length  BC. 

DEMONSTRATION. 

By  making  the  Foregoing  Confi:ru£l:lon,  andcaufingthe 
Weight  N  to  defcend  from  C  to  A,  the  Weight  D  will  go 
from  B  to  P,  and  be  only  rifen  to  the  Height  PQIefsthan 
the  Height  AC,  whence  the  Weight  N  having  more  Velo-  ^ 
city  than  the  Weight  D,  will  proportionably  have  more  Force 
to  defcend  than  the  Weight  D,  by  that  general  Rule  of  Me¬ 
chanicks,  mz,  that  the  Relative  Gravity  of  the  Weight  D  : 
muft  be  to  that  of  the  Weight  N::  as  the  Height  PQ:  is 
to  the  Height  AC  ;  or  as  AC  ;  to  EC.  ^  E.  D, 


CORO- 
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COROLLARY.  1. 

• 

ît  îs  evident  from  this  Propofition,  that  the  Force  which  *  . 
a  Heavy  Body  has  to  fall  down  by  its  own  Weight,  that  is,  Plate  i 
its  Abfolute  Gravity,  becomes  lefs  upon  an  inclin’d  Plain,  F/>.  * 

in  proportion  as  the  Length  of  that  Plain  is  to  its  Height,  or 
as  the  Whole  Sine  is  to  the  Sine  of  the  Angle  of  Inclination  ; 

So  that  if  the  Length  BC  fhou’d  be,  for  Example^  twice  the 
Height  AC,  which  will  happen  when  the  Angle  of  Incli¬ 
nation  is  exaftly  of  30  Degrees,  the  Abfolute  Weight  of  N, 
will  be  twice  its  Relative  Weight  upon  the  inclin’d  Plain  BC. 

Whence  it  follows,  that  if  a  Horfe  draws  a  Loaded  Care 
"  up  an  inclin’d  Plain,  as  a  Mountain  ;  befides  the  fame  trouble 
which  he  wou’d  have  to  draw  that  Cart  upon  a  Flat,  hemuft 
feel  the  Relative  Weight  of  the  Load  which  he  draws  upon 
the  inclin’d  Plain,  which  is  the  fame  part  of  the  Abfolute 
Gravity  of  the  Load,  as  the  Height  of  the  inclin’d  Plain  is 
of  its  Length.  As,  for  Example^  if  the  Length  of  the  Moun¬ 
tain  be  twice  its  Height,  and  the  Load  be  2000  Weight,  the 
Horfe  will  carry  1000  pounds.  So  that  if  the  Horfe  cou’d 
draw  but  looc  pounds  up  fuch  a  Mountain,  there  wou’d  be 
occafion  for  Two  Horfes  to  draw  2000  pounds  up  the  fame 
Mountain. 

0 

COROLLARY.  IL 

It  follows  alfo  that  the  Velocity  of  the  Body  D  moving 
upon  the  inclin’d  Plain  BC,  grows  lefs  according  to  the  Pro¬ 
portion  in  which  BC  the  Length  of  the  Plain  exceeds  its 
Height  AC  ;  that  is,  the  Velocity  of  the  Body  D  upon  the 
inclin’d  Plain  BC:  is  to  the  Velocity  of  the  fame  Body  when 
it  moves  perpendicularly  :  ;  as  AC  the  Height  of  the  Plain  : 
is  to  its  Length  BC,  becaufe  the  Velocities  of  the  fame 
Bodies  ought  to  be  in  the  fame  Ratio  as  the  Relative  Weights, 
it  being  certain  that  a  Body  which  has  a  double  Force  will 
have  a  double  Velocityi 


FRO« 


Ï 

I 


'  ^  \ 
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PROPOSITION  VII. 

.THEOREM. 

» 

Jf  of  Two  Equal  IV eights ^  the  One  defcend  along 
an  Inclïdd  Tlain,  and  the  Other  along  another  In- 
clind  Tlain  of  the  fame  Height  ;  their  Relative 
Gravities  will  he  reciprocally  proportional  to  the 
Lengths  of  thofe  Two  Thins. 


Plate  i^. 
Fig.  63. 


ISay,  that  if  the  Weight  Ej  which  lies  on  the  .Inclin’d 
Plain  AC,  is  equal  to  the  Weight  F,  which  is  upon  BC, 
an  Inclin’d  Plain  of  the  fame  Height,  the  Force  that  the 
Weight  E  has  to  defcend  upon  its  Inclin’d  Plain  AC  ;  is  to 
the  Force  tliat  the  Weight  F  has  to  defcend  upon  its  inclin’d 
Plain  BC  ;  ;  reciprocally  as  the  Length  BC  of  that  Plain  ;  is 
to  AC,  the  Length  of  the  other  Plain. 


DEMONSTRATION. 


Snppofe  a  Third  Weight  equal  to  the  Weight  E,  or  to  the 
.Weight  F,  to  fall  perpendicularly  along  the  common  Height 
CD ,  the  Force  of  that  Weight  :  will  be  to  that  of  the 
Weight  E  ;  as  AC  :  to  CD,  and  to  that  of  the  Weight  F;  ; 
as  BC  ;  is  to  CD,  by  Propt.  6.  Therefore  by  Equality,  the 
Force  of  E  ;  will  be  to  that  of  F  ;  ;  as  BC;  to  AC. 


PROPOSITION  VIIL 


THEOREM. 

The  Relative  Gravities  of  Two  Equal  JVeights  fei 
upon  Two  inclhid  Thins  of  the  fame  Height are 
to  one  another  as  the  Heights  which  dnfwer  to 
Equal  Tarts  of  their  inclind  Thins. 


ISay,  that  if  the  Weight  È,  being  fet  upon  the  Inclin’d 
Plain  AC,  be  equal  to  the  Weight  F  upon  the  Inclin’d 
Plain  BC  ;  having  taken  at  pleafure  upon  the  Lengths  AC, 
BC,  the  Two  equal  parts  AG,BH,  and  drawn  from  the  Two 
Points  G,H,  the  Lines  GI,  HK,  perpendicular  to  the  Bales 
Ap,  BD,  or  parallel  to  the  common  Height  CD  ;  the  Force 
which  the  Weight  E  has  to  defcend  along  its  Inclin’d  Plain 

AC; 
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AC:  is  to  the  Force  which  the  Weight  F  has  to  defcend 
upon  its  Inclin’d  Plain  BC;;  as  the  Height  GI;  to  the  F;V  6 
Height  HK. 

DEMONSTRATION. 

If  you  imagine  a  Third  Weight  equal  to  E,  or  to  F,  to  * 
fall  perpendicularly  from  the  Heights  GI,  HK;  the  Relative 
Gravity  of  that  Weight  ;  will  be  to  the  Relative  Gravity  of 
the  Weight  E  :  ;  as  AG  ;  is  to  GI,  and  to  the  Relative  Gra¬ 
vity  of  the  Weight  F  :  :  as  BH,  or  AG  :  is  to  HK  ,  by 
Prop.  6.  Wherefore  by  Equality ^  the  Relative  Weight  of  the 
Weight  E  ;  will  be  to  that  of  the  Weight  F  ;  ;  as  the  Height 
GI  ;  to  the  Height  HK.  £.  D. 

COROLLARY. 

^  It  is  evident  from  this  Propofition,  that  the  Relative  Gra¬ 
vities  of  Two  equal  Weights  laid  upon  Two  inclin’d  Plains 
of  the  fame  Height,  are  in  proportion  as  the  Sines  of  the 
Angles  of  Inclination  of .  thofe  Two  “Plains,  becaufe  the 
perpendicular  GI  is  the  Sine  of  the  Angle  A,  in  refpeft  of 
the  Whole  Sine  AG,  or  BH  ;  and  the  perpendicular  HK  is 
the  Sine  of  the  Angle  B,  in  refpeft  of  the  fame  Whole  Sine  BH. 

PROPOSITION.  IX. 

THEOREM. 

If  a  Tovâer  JuJlains  a  Spherical  freight  •which  endea¬ 
vours  to  roU  along  an  inclined  'Plain,  whofe  Bafe 
is  parallel  to  the'  Horizon.,  hy  a  Line  of  DireBion, 
which  pajjing  thro  the  Center  of  Gravity  of  the 
fVeight.,  fads  upon  the  Hypotenufe  of  the  Re  Si  an¬ 
gular  Triangle,  which  determines  the  Inclination 
of  the  Plain  ;  that  Power  :  void  he  to  the  IVeight  :: 
as  the  Sine  of  the  Angle  of  Inclination  :  to  the  ® 

Sine  of  thé  Complement  of  the  Angle  of  TraSiion,  . 

I  Say,  That  if  a  Power  (whofe  Line  of  Direftion  DE  goes 

thro*  the  Center  of  Gravity  of  the  Spherical  Weight  D,  • 

which  endeavours  to  roll  along  the  inclin’d  Plain  BC,  and 
being  produc’d  toM,  cuts  the  Hypotenufe  BC  of  the  Reftan- 
gular  Triangle  ABC,  whofe  Bale  AB  is  parallel  to  the  Ho¬ 
rizon)  fuftains  that  Weight  D  ;  the  Power  ;•  will  have  the 
fame  to  the  Weight  ;  ;  as  the  Sine.of  the  Angle  GDH 

equal 
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equal  to  the  ÂngU  of  Inclination  B  :  has  to  the  Sine  of  the 

Complement  of  the  Angle  CME,  call’d  the  Angle  of  TraBion, 

\ 

PREPARATION. 

.  Draw  from  the  point  G,  where  the  Weight  D  touches  the 
Plain  BC,  to  the  Center  D,  the  Radius  DG,  which /y'  18.3, 
will  be  perpendicular  to  the  Hypotenufe  BC  :  Then  draw 
GL  perpendicular  to  the  Line  of  Direftion  EM,  and  the 
Angle  DGL,  whofe  Sine  will  be  DL,  will  by  8,  6,  be  equal 
to  the  Angle  of  Traftion  CME,  and  the  Sine  of  the  Comple¬ 
ment  GL,  in  rerpe£l:  of  the  Whole  Sine  DG  ;  as  in  refpefb 
of  the  fame  Whole  Sine  DG,  the  line  GH  is  the  Sine  of  the 
Angle  GDH,  which  is  equal  to  the  Angle  of  Inclination  B. 
Draw  from  the  Center  D,  the  line  DI  perpendicular  to  the 
Bafe  AB,  which  will  be  the  Line  of  Dire&ion  of  the 
Weight  D,  and  the  line  DF  parallel  to  the  Hypotenufe  BC, 
which  you  muft  confider  as  the  Line  of  Direftion  of  an¬ 
other  Power  fo  apply’d  at  F  or  at  D,  as  likewife  to  fuftaim 
the  Weight  D  upon  the  inclin’d  Plain  BC.  Draw  alfo  from 
the  point  G  the  line  GH  parallel  to  the  Horizon,  or  perpen¬ 
dicular  to  DÎ,  the  Line  of  Direfkion  of  the  Weight,  and 
the  Triangle  DGH  will  be  Similar  to  the  Triangle  ABC,  as 
we  have  obferv’d  in  Prop.  i. 

DEMONSTRATION. 

Having  made  this  preparation,  it  will  be  known  that,  as  in 
Prop.  I.  DEjDF,  being  the  Lines  of  Direftion,  of  Two 
Powers  which  feparately  fullain  the  Weight  D,  whofe  Line 
of  Direftion  is  DI;  itis  as  if  thofe  Two  Powers  were  apply ’d 
at  the  end  D  of  the  Bended  Leaver  DGH,  whofe  fix’d  Point 
is  at  G  ;  and  as  if  the  Relative  Weight  of  the  Body  D,  where¬ 
with  it  prefies  upon  the  Plain  BC,  was  reduc’d  to  the  point 
H,  and  that  thus  GH  fliou’d  be  the  diftance  of  the  Weight, 
GL  the  diftance  of  the  Power  at  E,  and  GD  the  difiance  of 
the  Power  at  F,  becaufe  it  is  perpendicular  to  the  Line  of  Di- 
reftion  DE,  as  DE  is  perpendicular  to  the  Line  of  Direftion 
DP  and  DH  perpendicular  to  the  Line  of  Direftion  DN. 

This  being  fuppos’d,  you  mufi  confider,  that  fince  the 
Power  E  fuftains  the  Weight  D  by  the  Line  of  Direflion 
DE,  by  means  of  the  Bended  Leaver  DGH,  where  G  is  the 
fix’d  Point,  GH  the  difiance  of  the  Weight,  and  GL  the 
difiance  of  the  Power,  this  Power  ;  will  be  to  the  Weight  .•  s' 
as  the  diftance  GH  of  the  Weight  ;  is  to  the  diftance  GL  of 
the  Power;  And  likewife  fince  the  Power  at  F  fuftains  the 
fame  Weight  D  in  the  Line  of  Direftion  DF,  by  means  of 
the  fame  Beaded  Leaver  DGH,  where  G  is  the  fix’d  Point, 
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GH  the  diftance  of  the  Weight,  and  GD  the  diftance  of  ^ 
the  Power;  that  Power  :  will  be  to  the  Weight  :  :  as  GH,  ^4* 
the  diftance  of  the  Weight  ;  is  to  GD,  the  diftance  of  the 
Power.  Wherefore  hy  Equality  the  Power  at  E  ;  will  be  to 
the  Power  at  F  ;  ;  as  GD  ;  is  to  GL  ;  and  becaufe  GD  ;  i^ 
to  GH  ;  :  as  ÉC  ;  to  AC,  by  reafon  of  the  Siniilar  Triangles 
DGH,  ABC,  or  by  Prop.  i.  as  the  Weight  D  ;  is  to  the  Power 
F;  therefore  one  may  conclude  by  Equality  that  the  Power, 

E  :  is  to  the  Weight  D  :  :  as  GH  is  to  GL,  or  as  the  Sine  of 
the  Angle  of  Inclination,  is  to  the  Sine  of  the  Complement 
of  the  Angle  df  Tra6lion.  ^  E.  D. 

COROLLARY  I. 

ît  Is  evident  from  this  Propofition,  that  the  Power  at  F, 
whofe  Line  of  Direftion  is  parallel  to  the  inclin’d  Plain  BC, 
is  the  leaft  of  all  ;  that  is,  that  there  is  lefs  Force  requir’d 
to  fuftain  the  Weight  D  upon  the  inclin’d  Plain  BC,  if  you 
draw  that  Weight  in  a  line  parallel  to  the  inclin’d  Plain,  fuch 
as  DF,  than  if  you  draw  it  in  any  other  line,  fuch  as  DE 
might  be;  fo  that  the  Power  at  E  is  greater  than  the  Power 
at  F,  and  it  will  always  be  greater  as  the  Angle  of  TraftioU 
entreafes,  becaufe  it  has  been  demonftrated,  that  the  Power 
at  E  :  is  to  the  Power  at  F  :  :  as  GD  :  is  to  GL,  or  as  thé 
Whole  Sine  is  to  the  Sine  of  the  Complement  of  the  Angle  o 
of  Traftion,  and  this  Sine  of  the  Complement  GL  (till 
grows  lefs  as  the  Angle  of  Traftion  grows  greater. 

Whence  it  is  eafy  to  conclude,  that  the  Pov/er  is  the 
greateft  that  it  can  be,  and  exaflly  equal  to  the  Weight, 
when  the  Angle  of  Traflion  is  equal  to  thé  Complement  of 
the  Angle  of  Inclination,  which  will  happen  when  the  Lin© 
of  Direftion  DE  is  perpendicular  to  the  Horizon,  as  DK,  be- 
caufe  in  fuch  a  cafe  the  lines  GH,  GL  will  be  equal,  which 
makes  the  Power  be  equal  to  the  Weight,  fince  that  Power  s 
is  to  the  Weight  t:  as  GH  :  is  to  GL.  Thus  you  may  know 
that  the  Power  is  the  leaft  that  it  can  be,  when  it  draws  by  » 

!  Line  of  Direftion  parallel  to  the  inclin’d  Plain,  and  that  it  is 
the  gteateft  that  it  can  be,  when  it  draws  by  a  Line  of  Di- 
reftion  perpendicular  to  the  Horizon  ;  hence  we  fee  that  if 
I  a  Horfe  draws  a  Burthen  by  means  of  a  Cart  or  any  other 
I  rolling  Machine,  he  will  draw  it  with  fo  much  more  cafe, 
i  as  the  Line  of  Direftion  by  which  he  draws  the  L^ad  will 
^  come  nearer  to  a  parallel  to  the  Slope  of  the  Mountain  along 
i  which  he  draws. 


Plate  1 5 
Fig.  64 


!» 


Plate  16, 
Fig>6$, 
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C  O  R  O  L  L  A  R  Y  II. 

Ic  follows  alfo,  that  if  the  Line  of  Direftion,  as  DN,  ani 
.  DF  parallel  to  BC,  make  the  Angle  FDN  equal  to  the  Angle 
EDF,  the  Power  apply’d  at  N,  will  be  equal  to  the  Power 
apply ’d  at  E;  becaufe  in  fuch  a  cafe  the  Angles  of  Traftion 
DMO,  DOM,  will  be  equal,  fince  by  29.  i.  the  Angle  of 
Traftion  DMO  is  equal  to  its  External  Oppofite  EDF, 
which  is  fuppos’d  equal  to  the  Angle  FDN,  and  confequently 
to  its  Alternate  DOM,  &c. 

Whence  it  follows,  that  if  the  Line  of  Direftion,  as  DP, 
and  the  Line  DG  perpendicular  to  BC,  make  the  Angle  GDP 
equal  to  the  Angle  of  Inclination  B,  the  Power  apply’d  at  P 
will  be  equal  to  the  Weight,  by  Cor.  f.  becaufe  then  the 
Angle  of  Traftion  DPMis  equal  to  the  Complement  of  the 
Angle  of  Inclination  B. 

COROLLARY  III. 

Laftly,  it  follows  alfo,  that  if  the  Line-  of  Dire£Iion,  as 
DQ,  be  perpendicular  to  the  Inclin’d  Plain  BC,  in  fuch  man¬ 
ner  that  the  Angle  of  Traftion  QGB  be  a  Right  ;  the  Power 
apply’d  at  Q,  or  in  any  point  w'hatever  of  its  Line  of  Di- 
reàion  DQ,  to  fuftain  the  Weight  D,  muft  be  Infinite  ;  that 
is  as  much  as  to  fay,  That  a  Power  which  fhou’d  draw  that 
Weight  D,  by  the  Line  of  Direftion  DQ,  wou’d  not  be  able 
to  fuftain  it  with  ever  fo  great  a  Force,  becaufe  the  Sine  of  the 
Complement  of  the  Angle  of  Traftion  is  reduc’d  to  nothing, 
being  Infinitely  Small,  which  makes  the  Power  apply’d  at  Q 
to  be  Infinitely  Great,  fince  that  Power  :  is  to  the  Weight  cs 
as  the  Sine  of  the  Angle  of  Inclination,  is  to  the  Sine  of  the 
Complement  of  the  Angle  of  Traftion. 

PROPOSITION  X. 

THEOREM. 

If  Two  Towers  fusain  a  Weight  hy  means  of  a 
which )  folding  hy  rea/ori  of  the  Weight  plac'd 
tween  the  Two  Towers^  makes  a  Right- angle  ;  the 
faid  Towers  Jhall  he  Reciprocally  Troportional  to  the 
Tarts  of  the  Rope. 

ISay,  that  if  the  Tw^o  Pow’^ers  A,  B,  fuftain  the  Weight  C, 
by  means  of  the  Rope  DGE,  which  bending  at  the 
point  G  where  the  Weight  C  hangs,  makes  there  a  Right- 
angle,  the  Power  A:  is  to  the  Power  B  ;  :  as  the  Part  EG,  is 
to  the  Part  DG. 


PRE- 
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PREPARATION. 

,  Draw  to  tHe  Line  of  Dire£lidn  CG  of  the  Weight  C,  the  VUts 
Two  Perpendiculars  DF,  EF,  and  then  the  Weight  C,  which  65. 
hangs  from  G,  may  be  confider’d  as  hanging  from  F,  the 
Power  A,  which  draws  by  the  Line  of  Direftion  DG,  as  ap- 
ply’d  at  G,  as  alfo  the  Power  B,  which  draws  by  the  Line  of 
Direftion  EG  :  So  that  GEF  may  be  confider’d  as  a  Bended 
Leaver,  whofe  fix’d  Point  is  E,  the  diftance  of  the  Weight  C 
is  EF,  and  the  diftance  of  the  Power  A  is  EG:  And  likewife 
GDF  may  be  confider’d  as  a  Bended  Leavèr,  whofe  fix’d 
Point  is  D  ;  the  diftance  of  the  Weight  C,  is  DF  ;  and  the 
diftance  of  the  Power  B,  is  DG. 

DEMONSTRATION. 

^  ^ 

Becaule  in  the  Bended  Leavèr  GEF,  the  Power  A  :  is  to 

thé  Weight  C;;  as  EF  the  diftance  of  the  Weight:  is  to 
EG  the  diftance  of  the  Power,  or  as  EG  :  is  to  DE,  becaufe 
of  the  Similar  Triangles  DGE,  FGE,  by  8.  6.  and  that  like¬ 
wife  in  the  Bended  Leaver  GDF,  the  Power  B  ;  is  to  the 
Weight  C  :  ;  as  the,  diftance  DF  of  the  Weight  :  is  to  the 
diftance  DG  of  the  Power,  or  as  DG  ;  is  to  DE,  becaufe  of 
the  Similar  Triangles  DGE,  DGF,  by  8. 6.  it  wfill  be  known 
by  Equality,  that  the  Power  A  :  is  to  the  Power  B;:  as  EG  1 
is  to  DG.  êl.  E.  D. 

SCHOLIUM. 

/- 

From  this  Propofitlon  ’tii  plain,  that  if  the  Three  Weights 
A,B,C,  keep  one  another  in  Æquilibrio  by  means  of  the  Rope 
DGE,  fo  that  as  we  have  fuppos’d  in  the  foregoing  De- 
monftration,  the  Line  DE  be  parallel  to  the  Horizon  ;  thefe 
Weights  are  in  proportion  to  the  Sines  of  the  Angles,  frorn 
which  they  hang  ;  that  is,  the  Weight  A  :  will  be  to  the 
Sine  of  the  Angle  EDG  :  ;  as  the  Weight  C  :  is  to  the  Sine 
of  the  Angle  DGE,  and  as  the  Weight  B  ;  is  to  the  Sine  of 
the  Angle  DEG  ;  for  it  has  been  demonftrated  that  the  Power 
A,  w'hich  is  inftead  of  a  Weight  :  is  to  the  Weight  C  ;  ;  as 
EG  :  is  to  DE  ;  or  as  the  Sine  of  the  Angle  EDG  :  is  to  the 
Sine  of  the  Angle  DGE  ;  and  it  has  been  alfo  demonftrated, 
that  the  Power  B,  which  is  inftead  of  a  Weight  ;  is  to  the 
Weight  C  :  :  as  DG  :  to  DE,  or  as  the  Sine  of  the  Angle 
DEG  :  to  the  Sine  of  the  Angle  DGE  ;  and  laft  of  all,  that 
the  Weight  A  :  is  to  the  Weight B  ::  as  EG:  to  DG,  or  as 
the  Sine  of  the  Angle  EDG  ;  to  the  Sine  of  the  Angle  DEG. 

.Fa-  If 
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If  from  the  point  F,  FH  and  FI  be  drawn  parallel  to  the 
Two  fides  DG,  EG,  it  will  be  knotvri  that  the  Power  A  :  is 
to  the  Power  E:  :  as  FH  :  to  FÎ,  becaufe  the  Two  lines  FH, 
FI,  or  GH  are  proportional  to  the  Two  EG,  DG,  to  which 
the  Two  Powers  A  and  E  are  proportional,  becaufe  of  the 
Similar  Triangles  GFFÎ,  DGE  ;  this  is  alfo  true  when  the 
Angle  G  is  oblique;  but  we  mufl:  demonftrate  it. 

PREPARATION.  . 

>  ,  Draw  from  the  point  D,  DL  perpendicular  to  the  Rope 
\  ’  ÉG,  which  will  be  the  diftance  of  the  Power  B,  in  refpeâ: 
''of  the  fix’d  Point  of  the  Bended  Leaver  GDF  ;  and  from 
the  point  E,  draw  EK  perpendicular  to  the  Rope  DG,  which 
will  be  the  diftance.  of  the  Power  A,  in  refpeél  of  the  fix’d 
Point  E  of  the  Bended  Leaver  GEF.  Then  draw  the  lines 
FK,  FL,  and  the  Triangle  FEK  will  be  Equiangular  to  the 
Triangle  FGI,  as  may  be  known  by  deferibing  on  EG  the 
Semi-Circle  EFKG,  'which  by  31.  3.  will  pafs  thro’  the  TWO 
points  F,  K  ;  For  it  will  be  known  by  21.  3.  that  the  Angle 
FGI  which  is  in,  or  ftands  on  the  Arch  FK  is  equal  to  the 
Angle  FEK,  which  is  in  the  fame  Arch  FK  ;  and  likewife 
that  the  Angle  FKE,  which  is  in  the  Arch  EF  is  equal  to 
the  Angle  FGE  ,  which  is  in  the  fame  Arch  EF ,  and 
by  29.  I.  to  its  alternate  GFI  ;  wherefore  by  31.  i.  the  third 
Angle  EFK  is  equal  to  the  third  FIG.  The  Triangle 
DLF  is  alfo  Equiangular  to  the  Triangle  GFH,  as  may 
be  known  by  deferibing  on  GD  the  Semi-Circle  DFLG, 
which  by  will  pafs  thro’  the  Two  points  FL,  for  it 
will  be  known  by  21.  3.  that  the  Angle  FDL,  which  is 
in  the  Arch  FL,  is  equal  to  the  Angle  FGH,  which  is  in 
the  fame  Arch  FL  ;  and  likewife  that  the  Angle  DLF, 
which  is  in  the  Arch  DF,  is  equal  to  the  Angle  DGF,  which 
has  the  fame  Arch  DF,  for  its  Bafe  or  by  29.  i.  to  its  alter¬ 
nate  GFH  ;  wherefore  by  32.  i*the  third  Angle  FHG  is  equal 
to  the  third  DFL. 

DEMONSTRATION. 

* 

Becaufe  in  the  Bended  Leaver  GEF,  the  Power  A  :  is  to 
the  Weight  C::  as  EF  the  diftance  of  the  Weight:  is  to 
EK  the  diftance  of  the  Power;  or  as  GI:  is  to  GF?  becaufe 
of  the  Similar  Triangles  FEK,  FGI  ;  and  that  in  the  Bended 
Leaver  GDF,  the  Power  B  ;  is  to  the  Weight  C::  as  the 
diftance  DF  of  the  Weight:  is  to  DL  the  diftance  of  the 
Power  ;  or  as  GH  :  is  to  GF,  becaufe  of  the  Similar  Tri¬ 
angles  DLF,  GFH  ;  one  may  conclude  by  Equality^  that 

the 
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the  Power  A  :  Is  to  the  Power  B  ::  as  GI  ;  is  to  GH  ;  or  as 
FH:  is  to  FI. 

COROLLARY  L 

Tt  follows  from  the  foregoing  Demonflration  that  the 
Three  Weights  A,  C,  B,  are  proportional  to  the  Three  Lines 
GI,  GF,  GH  ;  becaufe  it  has  been  demonftratcd  that  A:  is  to 
C::  as  GH  is  to  GF  ;  and  that  C  :  is  to  B  as  GF  is  to  GH. 

Whence  it  is  eafy  to  conclude,  that  the  Three  Weights 
A,C,B,  are  proportional  to  the  Sines  of  the  Three  Angles  of 
the  Triangle  FGI,  or  of  the  Triangle  FGH,  of  thç 

Three  Angles  GFI,  GIF,  FGI,  becaufe  the  line  GI  is  the 
Sine  of  the  Angle  GFI,  the  line  GF  the  Sine  of  the  Angle  I, 
and  the  line  GH  or  FI  the  Sine  of  the  Angle  FGI  :)  or  to  the 
Sines  of  the  Three  Angles  which  are  at  the  Point  G, 

That  of  the  Angle  FGE  equal  to  the  Angle  GFI,  That  of 
the  Angle  DGE,  whofe  Sine  is  the  fame  as  that  of  the  Angle 
GIF  \  and  the  Sine  of  the  Angle  FGI. 

COROLLARY  IL 

It  follows  alfo  that  the  Weight  A  :  {$  to  the  Weight  C  :  :  Plate  iC 
as  EF  :  as  is  to  the  Sine  of  the  Angle  EDG,  in  refpeQ:  to  Fig.  67, 
the  Whole  Sine  ED  ;  and  that  the  Weight  B  î  is  to  the 
Weight  C  j  :  as  DF  :  is  to  the  Sine  of  the  Angle  DEG,  in 
refpeâ:  to  the  fame  Whole  Sine  ED  ;  becaufe  we  have  de- 
monftrated  that  the  Weight  A  ;  is  to  the  Weight  Ç  :  ;  as 
EF  to  EK,  which  is  the  Sine  of  its  oppofite  Angle  EDQ, 
in  refpeft  of  the  Whole  Sine  ED  ;  and  that  the  Weight  B  ; 
is  to  the  Weight  C  :  :  as  DF  ;  is  to  DL,  which  is  the  Sine  of 
the  oppofite  Angle  DEG,  in  refpe£l:  of  the  fame  Whole  Sine 
ED.  Whence  it  follows,  That  knowing  the  Three  Weights 
A,B,C,  and  the  lines  DF,  EF,  and  confequently  the  Whole 
Line  DE,  you  may  like  wife  by  Trigonometry  know  the 
Three  Angles  of  the  Triangle  DGE. 

COROLLARY  HI. 

Laftly,  it  follows.  That  fince  the  Weight  C,  however  little 
It  be,  caufes  the  Rope  whence  its  fufpended  to  bend,  how 
great .foever  the  Powers  AB  which  firetch  it  be  fuppos’d,  a 
Rope  cannot  perfectly  be  Stretch'd,  tho’  it  Ihould  be  drawn 
by  the  greatefl:  Force  imaginable  ;  becaufe  that  Force,  be  it 
ever  fo  great,  may  always  be  reprefented  by  the  greaî; 

Weights  AB, which  will  not  be  able  to  hinder  the  Rope  from 
bending,  even  tho’  thf  Weight  C  fhould  not  hang  at  it  ;  the 

F  3  Gravity 
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PUte  i(Ç.  Gravity  of  the  Rope  it  felf  being  fufficient  to  Bend  it  a 
^7*  little,  and  fo  raife  the  Weights  A,B. 

The  Angle  G  of  the  Two  Ropes  EG,DG,  is  here  an  Acute 
Angle,  and  may  be  an  Obtufe  Angle,  in  which  Cafe  the  Per¬ 
pendiculars  DL,  EK,  will  fall  without  the  Triangle  DGE, 
but  Bill  the  foregoing  Demonftrapon  will  be  the  fame.  It 
may  alfo  happen  that  the  Two  Points  D,E,  will  not  be  of 
the  fame  Height  ;  that  is,  that  the  Two  lines  EE,  DF,  which 
have  been  drawn  perpendicular  to  FG  the  Line  of  Direftion 
ofj  the  Weight  G,  will  not  be  One  and  the  fame  Right-line; 
but  this  will  not  make  the  Theorem  falfe,  fince  you  may 
draw  the  Two  FH,FI,  Parallel  to  the  Ropes  from  which  you 
will  of  the  Two  points,  where  FG  the  Line  of  Direftion  of 
the  Weight  C  is  cut  by  One  of  its  Perpendiculars  EF,DF,c>'r- 

PROPOSITION  XL 

THEOREM. 

Jf  a  Slack  Rope  he  fujpended  hy  its  Ends  it  will 
hang  in  a  Curve  Line, 

I 

PUte  i6.  TT'HE  lafl:  Theorem  Ihews  that  a  Rope  laden  with  a 
JL  Weight  makes  an  Angle  where  the  Weight  hangs  ; 

*  but  it  does  not  make  an  Angle  merely  by  its  own  \Veighc 
and  when  it  is  a  little  flack  ;  for  in  fuch  a  cafe  being  tied  up 
at  each  end,  the  weight  of  each  of  it  Parts  will  caufe  it  to 
defeend,  and  bend  in  a  Curve  as  all  long  flexible  Bodies  do; 
As  fuppofing  D,E,  to  be  the  Two  Ends,  the  Weight  of  the 
Rope  will  make  G  its  middle  Point  to  fink  below  the  Right¬ 
line  DE,  and  likewife  the  Point  A  will  link  below  the  Right¬ 
line  GE,  the  Point  B  below  the  Right-line  AE,  the  Point  F  be¬ 
low  the  Right-line  GD,and  foit  will  be  of  all  the  other  Points, 
which  will  defeend  fo  low  as  to  form  the  Curve  DFGABE. 

SCHOLIUM.' 

It  is  evident  that  this  Rope  thus  bent  will  remain  in  the 
fame  Situation,  if  inftead  of  being  tied  up  by  its  Two  Ends 
D,  E,  it  be  fufpended  from  the  Points  H,  K,  of  the  Two 
inflexible  Lines  HI,  KL,  which  touch  the  Rope  at  the  Points 
D,  E,  if  fo  be  that  you  attribute  no  Gravity  to  thofe  Two 
Tangents  HT,  KL.  Now  the  Situation  of  a  Rope  thus  fuf¬ 
pended  will  be  fuch,  that  its  Center  of  Gravity  G,  w'ill  be 
fomewhere  in  that  line  which  being  drawn  from  the  Center 
€f  the  Earth,  will  pafs  thro’  the  Point  where  thofe  Tangents 

HI,  KL 
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HI,KL  produc’d,  will  meet;  as  it  will  appear  from  what 
we  lhall  fay  in  the 

PROPOSITION  XII. 

THEOREM. 

JJ  a  Heavy  Body  he  fujpendedhyTwo  Ropes ^  which 
being  kngthned  wou^d  meet,  its  Center  of  Gravity 
will  he  in  a  Right  dine  ^  drawn  from  the  Center  of 
the  Earth  thro  the  Toint  where  the  Two  faid 
Ropes  won' d meet, 

ISay,  That  if  the  Body  be  fufpended  by  the  Two  Ropes  Plate  \6 
CA,  DB,  which  being  produc’d  woii’d  meet  at  the  Point  F/p. 

E,  thro’  which  the  Plumb-line  EF  is  to  fall  ;  That  Body  AB, 
will  be  in  fuch  a  Pofition,  that  its  Center  of  Gravity  G  will 
be  fomewhere  in  the  line  EF  ;  becaufe  as  we  have  elfewhere 
obferv’d,  the  Center  of  Gravity  defcends  as  low  as  it  can  ; 
and  that  it  muft  rife  if  it  were  ever  fo  little  out  of  the  Line 
EF,  which  therefore  mull  be  the  Line  of  Diredion  of  the 
Body  AB. 

SCHOLIUM. 

If  from  the  Point  F,  taken  at  pleafure  in  the  Line  of 
Direction  EF  of  the  Body  AB,  FH  be  drawn  parallel  to  the 
Rope  AE,  and  FI  parallel  to  the  Rope  BE,  it  will  be  known 
by  Prop.  lo.  That  the  Force  of  the  Weight  AB  being  repre* 
fented  by  the  line  EF,  the  line  EH  will  exprefs  the  Force 
which  draws  the  Rope  BD,  and  the  Line  El  that  of  the  Rope 
AC. 

It  jis  plain,  that  tho’  the  Body  AB  be  fufpended  by  the 
Two  Ropes  fallen’d  to  the  Points  CD,  it  is  as  if  it  were 
fufpended  by  Two  Ropes  fallen’d  to  the  lingle  Point  E. 

And  as  thefe  Two  Ropes  are  inclin’d  to  one  another  in  fuch 
manner,  that  being  continu’d  they  wou’d  crofs  one  another 
in  the  Line  of  Direflion  EF,  (or  which  is  all  one,  the  Center 
of  Gravity  gets  into  the  Right-line  EF,  which  is  let  fall  per¬ 
pendicular  to  the  Earth,  from  the  Point  E  where  the  Ropes 
wou’d  cut  one  another  being  produc’d)  fo  this  will  Ihew 
us  an  eafy  Method  to  find  out  the  Center  of  Gravity  of  a 
Regular  or  Irregular  Plain,  viz.  if  we  fufpend  fuch  a  Figure 
from  Two  different  Points,  that  is,  in  Two  different  man¬ 
ners  ;  for  if  from  each  of  thofe  Points  a  Plumb-line  be  let 
fall  along  the  Figure,  the  Point  where  thefe  Two  Right- 
lines  cut  one  another  will  be  the  Center  of  Gravity  requir’d. 

F  4  PRO- 
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PROPOSITION  XIIT. ' 

PROBLEM. 

Knowing  the  Ah fo lute  JKeight  of  a  Spherical  Body 
Jet  upon  an  inclinA  Thin  of  known  Length  and 
Height  ;  how  to  know  what  Tart  of  the  freight 
hears  or  gravitates  on  the  Thin. 

* 

T  E  T  US  fuppofe  the  Abfolute  Weight  of  the  Spherical 
i  /  Body  D  fet  upon  the  inclin’d  Plain  BC,  to  be  ipoo  lib. 

,  and  the  length  of  the  inclin’d  Plain  BC  to  be  6  Foot,  and  its 
Height  AC  4  ;  to  find  what  part  of  the  Weight  D  the  Plain 
BC  bears,  to  thefe  Three  Numbers  lo:  6::  looo,  (which 
are  BC  +  AC  ;  BC  ;  :  D,)  find  a  Fourth  Proportional,  which 
will  be  doo  lib.  for  that  part  of  the  Weight  which  is  fup- 
ported  by  the  Plain  BC. 

DEMONSTRATION. 

.  Since  by  Prop.  i.  AC  :  has  the  fame  Ratio  to  BC  :  :  as  that 
Part  of  the  faid  Weight  D,  which  is  fuftain’d  in  the  Air: 
has  to  that  part  of  it  which  is  fuftain’d  by  the  Plain,  you  will 
find  by  Compofition^  that  AC  +  BC  ;  is  to  BÇ  :  ;  as  the  Whole 
Weight  of  D;  is  to  that  part  of  the  Weight  which  prefles  on 
the  Plain  BC  ;  and  therefore,  that  to  find  this  part,  to  thefe 
Three  Quantities  AC  +  BC:  BC::  D  :  a  Fourth  proportional 
niuft  be  found,  as  has  been  done. 

PROPOSITION  XIV. 

PROBLEM. 

A  Spherical  Body  of  known  JV eighty  being  fet  upon 
an  inclin'd  Thin.^  whofe  Length  and  Height  are 
alfo  known  ;  how  to  find  what  Tower  will  (uftain 
h  drawing  in  a  Line  of  DireBion^  which  being 
parallel  to  the  inclin'd  Thin  goes  thro  the  Center 
of  that  Sphere. 

^Tr^O  know  the  Quantity  or  Degree  of  the  Power  N, 

^  A  (which  muft  be  able  to  fuftain  the  Sphere  D,  drawing 
it  in  the  Line  of  Diieftion  ED,  which  palling  thro*  the 
Center  D  is  parallel  to  the  inclin’d  Plain  BC)  we  will  fuppofe 
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tbe  Sphere  D  to  weigh  looo  lib.  the  Length  BC  of  the  ^S- 

din’d  Plain  to  be  6  Foot,  and  its  Height  AC  4  ;  then  it 
only  be  requir’d  to  find  a  Fourth  Number  proportional  to 
thefe  Three  lo:  4::  1000,  which  are  AC  +  BC;  AC  ::  D: 
and  this  Fourth  Number  will  be  400  lib.  for  the  Quantity 
of  the  Power,  or  of  the  Weight  N,  which  will  be  able  to 
fuftain  the  Sphere  D  on  the  inclin’d  Plain  BC. 

DEMONSTRATION. 

Since  hy  Prop.  i.  BC  :  has  the  fame  Ratio  to  AC  :  :  as  that 
part  of  D,  which  is  fufiain’d  by  the  inclin’d  Plain  BC  ;  has 
to  that  part  of  D  which  is  fuftain’d  in  the  Air,  or  by  the 
Power  ;  you  will  find  by  Compofition,  that  AC  +  BC  ;  is  to 
AC-:  as  the  Whole  Weight  of  D,  is  to  that  part  of  that 
Weight  which  isfufiain’d  in  the  Air;  and  therefore  that  to  < 
find  out  that  Power,  or  the  Power  which  may  fuftain  D  upon 
the  inclin’d  Plain  B  C,  you  muft  find  a  Fourth  Quantity  pro¬ 
portional  to  thefe  Three  AC+  BC:  AC;:  D: as  has  been  done. 


PROPOSITION  XV. 


THEOREM. 

The  P'eïociües  of  the  fame  Moving  Body  upon  Two 
Thins  differently  inclin'd  are  to  one  another ^  as 
the  Relative  IVeights  upon  the  faid  Thins  :  and 
reciprocally  as  the  Lengths  of  thefe  Thins^  if  they 
are  of  the  fame  Height, 

The  Firft  part  of  this  Propofidon  is  plain,  by  Coroll.  z.Fig.6^, 
Prop.  6.  njiz.  That  the  Velocity  Of  the  Body  moving 
along  the  inclin’d  Plain  AC  ;  is  to  the  Velocity  of  the  fame 
Body  moving  along  the  other  inclin’d  Plain  BC::  as  the 
Force  with  which  tlie  Body  endeavours  to  roll  along  the  in¬ 
clin’d  Plain  AC  ;  is  to  the  Force  by  which  the  fame  Body 
endeavours  to  roll  along  the  Plain  BC  ;  becaufe  (the  Force 
which  the  Body  has  to  defcend  along  the  inclin’d  Plain  AC  ; 
being  to  thaü'which  it  has  to  defcend  along  the  perpendicular 
Plain  CD  ;  ;  as  the  Velocity  on  the  Inclin’d  Plain  AC  ;  is  to 
the  Velocity  on  the  perpendicular  Plain  CD  ;  (and  likewife 
the  Force  which  the  Body  has  to  roll  along  the  Inclin’d  Plain 
BC  :  being  to  the  Force  which  it  has  to  defcend  along  the 
perpendicular  Plain  CD::  as  the  Velocit}^  of  the  Inclin’d  Plain 
BC  :  to  the  Velocity  on  the  perpendicular  Plain  CD  ;  ) 
it  follows  by  Equality^  That  the  Velocity  of  the  Body  on 
the  inclin’d  Plain  AC  :  is  to  rhc  Velocity  of  the  fame  Body 
on  BC  the  other  inclin’d  Plain  ;  :  as  the  force  wherewith  iç 

rolls 
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ly.  rojis  along  the  Inclin’d  plain  AC,  is  to  that  Force  where 
fig,  6y.  with  it  rolls  along  BC  the  other  Inclin’d  Plain.  ^  B,  D. 

The  Second  part  is  alfo  evident,  'v/sc..  That  the  Velocity 
of  the  Body  on  the  inclin’d  Plain  AC  ;  is  to  the  Velocity  of 
the  fame  Body  on  the  other  inclin’d  Plain  BC  :  :  reciprocally 
as  the  length  of  that  plain  BC  :  is  to  the  length  of  the  firft 
plain  AC  of  the  fame  Height;  becaufe  by  Prop.  7.  thofc 
lengths  are  reciprocally  proportional  to  the  Relative  Gravi¬ 
ties,  or  to  the  Force  wherewith  the  Body  endeavours  to  roll 
along  each  Plain  ;  and  by  CoroU^  2.  Pr0p.6.  thoCat  Relative  Gra¬ 
vities  are  proportional  to  the  lengths  of  the  inclin’d  Plains. 

PROPOSITION  XVI. 

PROBLEM. 

How  to  find  what  Space  a  heavy  Boày  muji  go  thro 
upon  an  Inclind  Tlain,  in  the  jame  time  that  it 
woudgo  thro  a  ^Determidd  Space  along  a  Vertical 
Tlain,  ‘ 


PUte  ■'""1^0  determine  what  Space  a  heavy  Body  muft  run  thro’ 
fig*  6B.  J|_  along  the  Inclin’d  Plain  AC,  whofe  Bafe  AB  is  always 
fiippos’d  parallel  to  the  Horizon,  in  the  fame  time  that  it 
wou’d  take  up  in  falling  from  C  to  B  thro’  the  determinate 
Space  BC  ;  draw  from  the  Right-angle  B,  the  Line  BD  per¬ 
pendicular  to  the  Hypotenufe  AC  of  the  Reftangular  Tri¬ 
angle  ABC,  and  the  Space  CD  will  be  the  Space  requir’d; 
that  is,  the  Body  being  let  fall  at  C  will  be  as  long  in  going 
thro*  the  Space  CD  along  the  Inclin’d  Plain  AC,  as  it  wou’d 
be  in  falling  perpendicularly  thro’  the  Space  BC. 


DEMONSTRATION. 


It  is  certain  that  the  Space  which  the  Body  runs  thro’  along 
the  Inclin’d  Plain  AC  :  is  to  that  which  it  runs  thro’  in  the 
fame  time  along  the  perpendicular  Plain  BC:  :  as  its  V elocity 
along  AC:  is  to  its  Velocity  along  BC;  or  by  Corolla.  Prop.6. 
as  the  Height  BC  of  the  Inclin’d  Plain  :  is  to  its  Length  AC  ; 
■wherefore  if  inllead  of  the  Two  laft  Terms  BC,  AC,  yoit 
put  the  Two  lines  CD,BC,  which  are  in  the  fame  Ratio  by  4.6. 
becaufe  the  Triangle  ABC,  BDC  are  Similar  by  8.6.  you  will 
find  that  the  Space  which  the  Body  has  gone  thro*  along  the 
Inclin’d  plain  AC  :  is  to  that  which  the  fame  Body  has  gone 
thro’  along  the  perpendicular  Plain  BC  in  the  fame  time::  as 
CD:  is  to  BC.  Since  then  the  Two  Spaces  AC,  and  BC,  are 
proportional  to  the  Two  Lines  CB^^CD,  it  is  eafy  to  conclude; 

that 
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that  if  the  Body  goes  thro’  the  Space  BC  falling  perpen-  i6. 

dicularly  in  a  determinate  Time,  it  will  be  juft  as  lopg  in  go-  (js. 
jng'thro’  the  Space  CD  along  the  Inclin’d  Plain  AC.  D, 

SCHOLIUM. 

In  the  Demonftration  we  have  fupposM  that  the  Spac^j 
which  the  Body  goes  thro’  upon  Plains  differently  Inclin’d, 
are  in  equal  Times  proportional  to  theVelocities  which  it  has 
on  thofc  Plains,  beginning  from  the  Point  of  Reft,  becaulô 
the  Motion  of  a  Heavy  Body  is  accelerated  upon  an  Inclin’d 
Plain,  not  equally,  but  in  the  fame  proportion  as  when  it 
falls  perpendicularly,  as  Experience  fhews;  and  that  accord¬ 
ing  as  its  Velocity  is  greater  or  lefs,  it  ought  to  go  thro’ 

Spaces  proportionably  greater  or  lefs  in  equal  Times,  if  the 
Velocities  be  confider’d  after  the  fame  manner;  that  is,  as 
they  are  produc’d  by  the  Gravity  of  the  Body  at  the  begin¬ 
ning  of  its  fall. 

One  may  in  the  fame  manner  Demonftrate,  That  if  there 
be  another  Inclin’d  Plain,  as  CE,  and  from  the  Right-angle 
B,  BF  be  drawn  perpendicular  to  it  ;  the  Body  will  run  thro’ 
the  Space  CF  along  the  Inclin’d  Plain  CE,  in  the  fame  time 
that  it  wou’d  fall  perpendicularly  thro’  the  Space  BC  :  And 
likewife,  That  if  to  a  third  Plain,  as  CH,  the  perpendicular 
BG,  be  drawn  from  the  Right-angle  B;  the  Body  will  run  thro’ 
the  Space  CG  along  this  Plain  CH,  in  the  fame  time  that  it 
wou’d  fall  perpendicularly  thro’  the  Space  BC,  &Ct 

COROLLARY  L 

Hence  it  follows.  That  fince  by  3  r.  3 .  all  the  points  F,D,G, 
are  in  the  Circumference  of  a  Circle,  whofe  Diameter  EC  is 
perpendicular  to  the  Horizon,  all  the  Chords  CF,  CD,  CG, 
which  begin  from  the  upper  part  C,  are  run  thro’  by  the 
Body  in  equal  Times  ;  that  is,  if  CF,  CD,  CG  reprefent  Plains 
differently  Inclin’d;  Three  Bodies  equally  Heavy,  beginning 
to  move  at  C,  will  in  the  fame  Time  run  along  the  whole 
Lengths  of  thofe  Plains  CF,  CD,  CG;  becaufe  it  has  been 
Demonftrated,  that  they  will  run  along  their  whole  Length 
during  the  fame  time  that  they  wou’d  fall  along  the  perpen¬ 
dicular  Plain  CB. 

COROLLARY  11. 

It  follows  alfo  that  all  the  Chords  of  the  fame  Circle,  which 
meet  at  the  loweft  Point  of  the  Circle,  are  run  thro’  in  the 
fame  time,  as  BL,  BM  :  For  if  you  join  the  Two  Chords  CL, 

CM, 
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Plats  CM,  and  the  Two  Chords  BF,  BD,  equal  to  them  be  drawn 
53^  parallel  to  ’em,  in  which  cafe  the  Two  Chords  CF,  CD,  will 
alfo  be  equal  and  parallel  to  the  Two  BL,BM  ;  the  Chord  CD 
being  parallel  and  equal  to  BM  will  be  equally  Inclin’d,  and 
confequently  thofe  Two  Chords  CD,  BM,  will  be  run  thro' 
in  the  lame  time:  And  likewife  the  Chord  CF  being  equal 
and  parallel  to  BL,  is  equally  Inclin’d,  and  confequently  run 
thro’  in  the  fame  time;  and  as  it  has  been  Demonftrated  that 
the  Two  CF,  CD,  are  run  thro’  in  the  fame  time,  BL  and 
BM  muH:  alfo  be  run  thro’  in  the  fame  time. 

COROLLARY  III. 

This  fliews  the  Reafon  why  the  fame  Pendulum  makes  its 
Vibrations,  whether  great  or  fmall  in  the  fame  time,  as  to 
Senfe:  For  the  Pendulum  which  runs  thro’  the  Arch  BD 
does  not  fenfibly  go  from  its  Chord  when  the  Arch  is  a  fmall 
one,  and  it  will  go  lefs  out  of  it  when  the  Arch  is  lefs,  as 
'  BG;  and  as  it  wou’d  in  equal  Times  go  thro’  the  Length  of 
the  Chords  BG,  BD,  it  mull  likewife  go  thro’  the  Arches 
BG,  and  BD,  in  about  the  fame  Time.  I  have  faid  about ^  be- 
caufe  the  Pendulum  will  not  be  fo  long  in  going  thro’  the 
Arch  as  the  Chord,  tho’  it  be  ftiorter,  becaufe  the  Arch  is 
more  Inclin’d  at  firft,  and  the  Chords  do  not  encreafe  in  the 
fame  proportion  as  the  Arches  do  ;  whence  there  is  fomç 
difference  in  the  Duration  of  Two  Vibrations  which  are 
conflderably  Unequal  ;  and  Father  De  Chahs  affirms,  that  in 
comparing  Two  Pendulums  of  equal  Lengths,  Thar  which 
made  Ihort  Vibrations,  made  lor,  whilft  That  which  made 
long  Vibrations,  made  but  loo.  Hence  it  is  eafy  to  conclude, 
that  the  moft  juft  Pendulums  are  thofe  whofe  Vibrations  are 
the  fmalleft 

COROLLARY  IV. 

Laftly  it  follows  from  this  Proportion,  that  a  Heavy  Body 
IS  longer  in  running  along  a  Plain  which  is  more,  than  a  Plain 
which  is  lefs  Inclin’d,  if  both  be  of  the  fame  Height,  that  is, 
''  it  will  be  longer  in  running  along  the  Plain  CA,  than  the 

Plain  CH  which  is  lefs  Inclin’d  ;  becaufe  in  equal  Times  it 
runs  thro’  CD  which  is  a  lefs  part  of  the  Inclin’d  Plain  CA, 
and  CG  which  is  a  greater  part  of  the  Inclin’d  Plain  CH. 
Neverthelefs  it  does  not  acquire  more  Velocity  upon  one 
Plain  than  upon  another,  becaufe  on  each  it  acquires  a  Ve¬ 
locity  equal  to  that  which  it  wou’d  acquire  in  falling  thro* 
the  Perpendicular  CB,  which  we  cou’d  here  demonftrate, 
as  well  as  fevcral  other  Proportions  more  curious  than  ufe- 
ful,  but  that  we  muft.  end  this  Chapter,  and  proceed  to 
the  next.  CHAP- 
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CHAPTER  III. 

Of  the  Center  of  Granjity. 

WE  ^haîl  teach  in  this  Chapter  how  to  find  the  Center  of 

Gravity  of  Lines,  Plains,  and  Solids;  but  before  ^ 
we  come  to  the  Praftice,  we  fhall  occafionally  fpeak  of  a  *' 
remarkable  Property  of  the  Center  of  Gravity,  which  may 
ferve  to  find  the  Center  of  Gravity  of  a  FigurCj  when  you 
know  its  Square  or  Quadrature,  or  to  find  out  its  Quadra.», 
ture  or  Area,  when  you  know  its  Center  of  Gravity,  as  you 
Avill  fee  in  the  Sequel, 

If  by  Thought  you  move  the  Reftangle  ABCD,  whofe 
Center  of  Gravity  is  at  E  round  about  the  fide  BC  which 
muft  remain  unmoveable;  the  Cylinder  defcrib’d  by  that 
motion,  whofe  Bafe  is  the  Circle,  whof^e  Radius  is  AB,  and 
Height  the  unmoveable  fide  BC,  is  equal  to  a  Prifm  whole 
Bafe  is  the  propos’d  Plain  ABCD,  and  Height  a  Line  equal 
to  the  Circumference  of  the  Circle  EGHI  defcrib’d  by  the 
PircumvoUition  of  the  Center  of  Gravity  E,  whofe  Radius  EB 
'is  equal  to  half  the  fide  AB,  becaufe  the  Center  of  Gravity 
of  a  Parallelogram  is  the  fame  as  its  Center  of  Magnitude,  as 
we  fliall  hereafter  demonftrate. 

To  demonftrate  what  we  have  juft  faid,  let  a  be  put  for 
AB,  b  for  BC,  c  for  the  Circumference  EGHI,  whofe  Radius 
EF  being  but  half  of  AB,  the  Circumference  whofe  Radius 
is  AB  will  be  2  r:  and  then  the  Area  of  the  Plain  ABCD 
will  be  ah^  and  that  Solid  whofe  Bafe  is  the  faid  Plain  ABCD 
or  ab,  and  whofe  Height  is  the  Circumference  EGHI,  or  r, 
will  be  ;  which  is  equal  to  the  Cylinder  defcrib’d  by  the 
Circumvolution  of  the  Plain  ABCD  round  its  unmoveable 
Side  BC,  bccaufe  itsBafe  is  ac^  which  is  found  if  you  multiply 
the  Radius  AB,  or  by  half  its  Circumference,  or  r,  and  its 
Height  is  BC,  or 

Likewfife  if  the  Equilateral  Triangle  ABC,  whole  Center 
of  Gravity  is  E,  be  made  to  revolve  about  the  unmoveable 
Side  AB  ;  the  Solid  Rhomb  produc’d  by  that  motion,  made 
up  of  Two  equal  Cones,  whofe  equal  Heights  tare  AD,  BD, 
and  common  Bafe  a  Circle  whofe  Radius  is  CD,  will  be 
equal  to  a  Prifm  whofe  Bafe  is  the  Plain  ABC,  and  Height  a 
Right-line  equal  to  the  Circumference  EFGH,  defcrib’d  by 
the  Circumvolution  of  the  Center  of  Gravity  E,  whofe  Ra-. 
dius  is  DE  the  third  part  of  the  Perpendicular  CD,  as  we  fliall 
hereafter  demonftrate.  For 


/ 
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For  the  Demonftration,  let  a  be  put  for  AD,  or  for  BD,  ^ 
^  ^  17.  ^  ^  Circumference  EFGH,  whofe  Radius 

71*  j)E  being  but  the  third  part  of  the  Radius  DC  of  the  Circle, 
which  is  the  common  Bafe  of  the  Two  Cones,  which  make 
up  the  Solid  Rhomb,  the  Circumference  of  this  fécond  Circle 
will  be  3^:  And  then  the  Area  of  the  Plain  ABC  will  be  al/, 
and  the  Solid  w'hofe  Bafe  is  this  Plain  ABC,  or  ah,  and  Height 
the  Circumference  EFGH,  or  c,  will  be  ahc,  which  is  equal 
to  the  Solid  Rhomb  made  up  of  the  Two  Cones,  whofe  com¬ 
mon  Height  is  a,  and  common  Bafe  a  Circle  whofe  Radius  is 

3c 

CD  or  b  :  For  if  the  Radius  CD,  or^,  be  multiplied  by  >-•  half 

"^bc  2 

of  its  Circumference,  you  wdll  have  i-t  for  that  common 

2  2a 

Bafe,  which  being  multiplied  by  the  third  part  of  AB,  or 

3 

you  will  have  ahc  for  the  Solid  Rhomb,  &c, 

SECTION  L 

Of  the  Center  of  Gravity  of  Lines, 

TH  O’  there  is  no  Line  but  what  is  join’d  to  fome  Sur¬ 
face,  and  no  Surface  but  what  is  join’d  to  a  Body,  yet 
one  may  confider  a  Body  which  is  Long,  Homogeneous,  of 
an  equal  Thicknefs  all  over,  and  extremely  Thin  and  Slender, 
as  a  Line  ;  and  allow  it  Weight,  and  a  Center  of  Gravity, 
w^hich  we  fhall  find  oiit  by  the  help  of  the  following  Pro- 
pohtions. 

PROPOSITION  I. 

THEOREM. 

The  Center  of  Gravity  of  Tvoo  ^antiiies  taken  to- 
get  her  is  in  the  Right-line  which  fades  thro'  the 
Center  of  Gravity  of  each. 

LE  T  us  fuppofe  any  Two  Q^uantities,  as  the  Two  lines 
AB,  CD,  whofe  middle  points  E,F,  are  their  Centers  of 
Gravity.  I  fay,  That  in  fuch  a  cafe  the  Center  of  Gravity  of 
thofe  Two  lines  AB,  CD,  confider’d  as  One  Quantity,  or  as 
if  they  were  united  by  the  Right-line  EF,  which  palTes  thro* 
their  Centers  of  Gravity,  is  in  fome  point  of  the  faid  line 
EF,  as  G. 

D£- 
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DEMONSTRATION. 

For  if  the  Center  of  Gravity  which  is  common  to  the  Two  |  -7 
lines  ABjCD,  Ihou'd  be  in  any  point  out*  of  the  line  EF,  as  at  ^2, 
H, having  drawn  the  line  EHI,you  muft  confider  that  fince  the 
Two  Quantities  AB,  CD,  are  in  Æquilibrio  about  the  point 
H,  and  alfo  AE  and  EB  about  the  point  E,  the  Two  Cl,  and 
DI  mufl  likewife  remain  in  Æ.quilibrÎQ  about  the  point  I, 
which  being  impoffible,  becaule  CF  and  DF  are  fuppos’d  in 
Æqtiilibrîo  about  the  point  F,  it  muft  alfo  be  impolfible,  that 
the  Two  ABjCD,  fliou’d  be  in  jEquilibrio  about  the  point  H. 
Whence  it  is  plain,  that  their  common  Center  of  Gravity 
cannot  be  out  of  the  Line  EF.  D. 

P  R  O  P  0  S  I  T  I  0  N  IL 

THEOREM. 

The  common  Center  of  Gravity  ofTvûo§ltuntiiies  di^ 
vides  the  Right-line  which  joins  their  Centers  of 
Gravity  into  Two  Tarts^  which  are  reciprocally 
proportional  to  the  ^antities, 

LE  T  us  fuppofe  any  Two  Quantities,  as  the  Two  lines 

AB,  CD,  whofe  Centers  of  Gravity  are  E,F,  and  their  ^ 
common  Center  of  Gravity  G.  I  fay,  That  in  fuch  a  cafe 
EG:  is  to  FG;;  as  CD;  to  AB. 

DEMONSTRATION. 


If  the  Weight  of  AB  be  reduc’d  to  its  Center  of  Gravity 
E,  and  likewife  the  Weight  of  CD  to  its  Center  of  Gravity  F, 
the  line  EGF  may  be  look’d  upon  as  a  Balance,  whofe  fix  d 
Point  is  G,  at  the  ends  of  which  are  fufpended  Weights  equal 
to  the  Two  Quantities  AB,  CD,  which  remain  m  ÆquiUbno 
about  the  point  G  :  And  as  in  fuch  a  cafe  rhe  Weights  wou  d 
be  in  a  reciprocal  Ratio  of  their  diftanccs  EG,  FG  ;  it  follows, 
That  the  Quantities  AB,  CD,  will  likewife  be  in  a  leciprocal 

Ratio  of  the  parts  EG,  FG.  ^  E- 

corollary. 


It  is  evident  from  this  Propoficion,  that  if  the  Quantities 
AB,  CD,  were  equal  in  Weight,  the  parts  EG,  FG,  woiid 
alfo  be  equal  Co  one  another  ;  chat  is,  the  common  Cente^  ot 


p5  ^  Treatife  of  Mechanicks.  Book 

17. Gravity  G|Of  the  Two  equal  Quantities  AB,  CD,  will  be 
n-  exaftly  in  the  middle  of  the  Right-line  which  joins  their 
Centers  of  Gravity  E,  F. 

PROPOSITION  III. 

THEOREM. 

If  ffOeral  Quantities  of  Equal  Weighty  and  equally 
diftant  from  one  another^  are  fo  dijpoldy  that  their 
Centers  of  Gravity  are  in  a  Rightdine  ;  their 
common  Center  of  Gravity  [hall  he  in  the  middle  of 
that  Right  dine, 

73*  T  ET  AB,CD,EF,GM,  be  equal  Quantities  equally  diftant 
I  V  from  one  another,  wkofe  Centers  of  Gravity  I,K,L,M, 
are  in  the  Right-line  ÏM  I  fay,  That  in  fuch  a  cafe,  O  the 
middle  Point  of  that  line  IM,  is  the  common  Center  of  Gra- 
Viÿ  of  all  thofe  Quantities  taken  together. 

DEMONSTRATION. 


Becaufe  by  CoroU.  Prop,  2.  N  the  middle  Point  of  IK,  is  the 
common  Center  of  Gravity  of  the  Two  equal  Quantities 
AB,CD,  and  likewife  P  the  middle  of  LM,  is  the  common 
Center  of  Gravity  of  the  Two  equal  Quantities  EF,GH;  by 
reducing  the  whole  Weight  of  the  Two  equal  Quantities 
AB,  CD,  to  their  common  Center  of  Gravity  N,  and  the 
whole  Weight  of  the  Two  equal  Quantities  EF,GH,  to  their 
common  Center  of  Gravity  P,  you  may  confidcr  NP  as  a  Ba¬ 
lance  laden  wnth  equal  Weights  at  its  ends  NP,  whofe  middle 
point  O  will  confequently  be  the  common  Center  of  Gra¬ 
vity*  ^  E.  D. 


COROLLARY. 

j 

From  this  Propofition  it  is  evident,  that  if  the  propos’d 
Quantities  are  odd  in  Number,  their  common  Center  of 
Gravity  muft  be  the  Center  of  Gravity  of  that  Quantity 
which  is  in  the  middle. 


PRO- 
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PROPOSITION  IV. 

THEOREM.  ^ 


T/je  Center  of  Gravity  of  the  difference  of  Tvoo 
titles  is  in  the  Righuline  drawn  thrd  both  their 
Centers  of  Gravity, 

LE  T  the  Quantities  propos’d  be  AH,  AD,  whofe  Dlfle-  Hate  17; 

rence  is  CD,  and  whofe  Centers  of  Gravity  are  F,E.  I  74., 
fay.  That  in  fuch  a  cafe,  the  Center  of  Gravity  of  the  Difïè- 
rcnce  CD  confider’d  as  taken  away  from  the  Quantity  AB, 
is  in  fome  point  of  the  line  EF  produc’d,  as  for  Example,  at  G.  ’ 

demonstration. 

» 

For  if  that  Center  of  Gravity  was  iii  any  point  of  any 
other  line,  as  in  the  point  H  of  the  line  FH,  the  Center  of 
Gravity  E  of  the  whole  Quantity  AD  wouM  not  be  in  the 
Right-line  FH,  which  paflTes  thro’  F,  H,  the  Centers  of  Gra¬ 
vity  of  the  Two  Quantities  AB,  CD,  of  which  it  is  com¬ 
pounded,  which  is  contrary  to  what  has  been  demonftrated 
iii  Pro^.i.  Whence  it  follows, that  the  Center  of  Gravity  G  of 
CD  the  Difference  of  the  Two  Quantities  propos’d  AB  • 

AD,  cannot  be  out  of  the  line  EF. 

PROPOSITION  V. 

THEOREM. 

•  ‘I 

7  he  Center  of  Gravity  of  the  T>ifference  of  Two 
§l^antities  divides  the  Right-line  drawn  thro  their 
Centers  of  Gravity^  into  Two  Tarts  reciprocally 
proportional  to  the  parts  of  the  greateji  of  thofe 
Two  Quantities, 

Let  AB,  ad,  be.  the  Two  Quantities,  and  E,F,  their 

Centers  of  Gravity,  G  the  Center  of  Gravity  of  their  74. 
!  Difference  CD.  I  fay, That  in  fuch  a  cafe,  GE.'is  to  EF  :: 
f  as  AB:  is  to  CD.  ^ 

'  DEMONSTRATION. 

j  '  Forifince  the  Quantities  AB,  CD,  are  Æqùiîihrid  d^ùvi^  -  - 
I  the  point  E;  if  the  Weight  of  the  firft  AB  be  reduc’d  to  its 
^  Center  of  Gravity  F,  and  the  Weight  of  the  fécond  CD  be^ 

;  G  re- 
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Phte  Center  of  Gravity  G,  the  line  PEG  may  be  con^ 

F/>.  74.  ^  Balance,  whofe  fix’d  Point  is  at  E,  and  whofe  Ends 

'are  laden  with  Weights  equal  to  the  Quantities  AB,  CD  : 
And  as  thole  Weights  are  in  Æquilibrio  about  the  point  E, 
they  muft  be  in  a  reciprocal  Ratio  of  their  diftanCes  ;  that  is, 
AB;  mull  be  to  CD;  ;  as  EG:  is  to  EF.  £. 

.  PROPOSITION  VL 

PROBLEM. 

How  to  -find  the  common  Center  of  Gravity  of  Tw» 
given  ^antitiesy  who  je  refpeSive  Centers  of  Gra¬ 
vity  are  known. 

74*  TP'O  find  the  common  Center  of  Gravity  of  AB,  CD, 
JL  Two  given  Quantities  ;  or  the  Center  of  Gravity  of 
AD  their  Sum,  by  means  of  F,  G,  their  particular  Centers  of 
Gravity  ;  draw  the  line  FG,  and  divide  it  at  E  in  fuch  man¬ 
ner  that  its  Whole  Length  AD:  may  be  to  its  Part  AB:;  as  the 
Line  FG:  is  to  its  Part  GE,  which  will  be  (Jone  by  finding  a 
fourth  Quantity  C'v/^.  GE^proportional  to  theTwo  Quantities 
AD;  AB;  :  and  to  the  Line  FG  :  And  the  point  E  will  be  the 
Center  of  Gravity  of  the  Two  given  Quantities  AB,CD. 

DEMONSTRATION. 

Since,  hy  ConJlruBion^  the  Four  Quantities  AD,AB,FG,EQ, 
are  proportional,  it  will  be  known  by  diniiding^  that  thefc  Four 
^  CD,AB,EF,EG,  are  alfo  proportional  ;  that  is,  that  the  Two 
Quantities  AB,CD,  are  in  a  reciprocal  Ratio  of  their  difiances 
ÈF,  EG,  and  that  confequently  the  point  E  is  the  common 
Center  of  Gravity  of  the  Two  giv'^en  Quantities  AB,  CD,  of 
the  Center  of  Gravity  of  their  fum  AD.  £.  /.  D. 

PROPOSITION  VII. 

THEOREM. 

How  to  find  the  common  Center  of  Gravity  of  the 
difference  of  Two  given  ^antitieSyWhofe  refpefiivt 
Centers  of  Gravity  are  known. 

Pig,  74.  ^*1^0  find  the  Center  of  Gravity  of  CD  the  Difference  of 
JL  AB,AD,  the  given  Quantities  whofe  Center  of  Gra¬ 
vity  F,  E,  are  known,  draw  the  line  ER  and  continue  it  to- 

wards 
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wards  G,  in  fuch  manner  that  GD:  may  be  to  AB::  as  EF;  is  PUtt  ly: 
to  EG,  and  G  will  be  the  Center  of  GraWty  of  the  Difference  fig,  74. 
CD,  becaufc  the  Quantities  AB,  CD,  are  in  a  reciprocal 
Kmtio  of  the  Lines  EF,  EG. 

ê 

PROPOSITION  VIII. 

PROBLEM. 

How  to  find  the  Center  oj'  Gravity  ^  4  Rightdine. 

TO  find  the  Center  of  Gravity  of  the  Right-line  AB,  di- 
vide  it  into  Two  equal  Parts  at  E,  and  E  the  middle 
point  will  be  its  Center  of  Gravity. 

DEMONSTRATION.  vj  \ 

For  fince  we  confider  a  Right-line  as  a  Quantity  Hontogc^ 
neous  and  of  equal  Thiefcnefs  all  over,  its  Center  of  Gravity 
muft  be  the  fame  as  its  Center  of  Magnitude,  Thus  E  the 
middle  point  will  be  the  Center  of  Gravity  of  the  propos’d 
line  AB,  Lér  D. 

P  R  O  P  O  S  I  t^I  O  N  IX. . 

PROBLEM. 

Rfow  to  find  the  common  Center  of  Gravity  of  Tvû$ 

Right  dines, 

;  } 

SEveral  different  Cafes  may  happen  according  to  the 
different  Pofition  of  the  Two  lines  propos’d.  ^ 

Firft,  if  the  Two  given  Right-lines  touch  one  another  dli 
rcftly,  as  AB,  BC,  they  may  be  confider’d  as  One  line  AC^ 
and  their  Sum  AC  is  to  be  divided  into  Two  equal  Parts  at 
H,  which,,  by  Pro^.  8.  will  be  its  Center  of  Gravity,  and 
confequently  the  common  Center  of  Gravity  of  the  TWo 
given  lines  AB,  BC.  ^  ^ 

Secondly,  if  the  Two  Lines  given  are  in  a  Right-line,  but 
do  not  touch  one  another,  as  AB,  CD^  divide  each  of  tHëiil 
into  Two  equal  Parts  at  the  points  E,  F,  which,  by  Prop.  B, 
will  be  their  Centers  of  Gravity,  and'  having  drawn  the 
[  line  BC,  to  the  Three  lines  AB  +  CD;  CD;;  EF;  find  a 
I  Fourth  proportional,  'v/js.  ÈO,  and  the  point  O,  by  Prop.,  6, 
r  Will  be  the  common  Center  of  Gravity  of  thé  Two  propos’d 
I  Lines  ABjCD,  confider’d  as  if  they  were  join’d  together  ty 
I  the  Richt-iine  BC,  to  which  you  muft  attribute  no  Gravity.' 

G  a  Whaf» 
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Whatever  Pofition  elfe  the  Two  given  Lines  be  in,  their 
common  Center  of  Gravity  may  always  be  found  by  Prop,  6. 
and  the  general  Rule  is  this.  Having,  by  Prop.  8  found  E,  E, 
the  Centers  of  Gravity  of  the  Two  given  Lines  AB,AC,  and 
having  join’d  ’em  by  the  line  EF,  divide  it  at  O  in  fuch  man¬ 
ner  that  the  Four  lines  AB,AC,OE,OE,  may  be  proportional, 
which  will  happen,  if  to  the  Three  lines  AB+AC:  AC:  :  EF: 
be  found  a  fourth  Proportional,  as  EO,  or  to  the  Three  AB+ 
AC:  AB::  EF:  a  fourth  Proportional  as  FO,  and  O  will  be 
the  Çenter  of  Gravity  requir’d. 

.  V.  \\\ ■■■  ■  ’■  *  ■  V  ,  '  '  '  ■ 

PROPOSITION  X. 

■  i  -  _  ' 

P  R  O  B  L  E  M. 


to  find  tlfe  common  Center  of  Gravity  of  fever  aî 
Right  lines  given, 

T^  Y  means  of  the  foregoing  Problem  it  is  eafy  to  find  the 
Fj  coni  mon  Center  of  Gravity  of  as  many  Right-lilies  as 
youpieafe.  As  if  AB,AC,  and  CD  were  propos’d  ;  firfi:  find 
O  the  common  Center  of  Gravity  of  the  Two  firft  Lines  AB, 
AC,  as  we  have  juft  taught:  Then  find  I  the  common  Cen¬ 
ter  of  Gravity  of  the  third  CD,  and  of  the  fum  of  the  Two 
firftABjAC,  which  will  confequently  be  the  common  Center 
of  Gravity  of  the  Three  given  Lines  AB,AC,CD. 

^  If  the  re  was  a  fourth  Line,  then  you^ought  to  find  the  com- 
ifioh  ‘Center  of  Gravity  of  that  fourth  Line»  and  the  fum  of 
the  Three  firft,  and  That  will  be  the  Center  of  Four  giVen 
Ljnes,  ,and  fo  of  the,reft. 

But  to  come  to.the  Praftice,  divide  the  given  Lines  AB 
AC,, CD,  each  into  Two  equal  Parts  at  the  points  E,F,G,  and 
having  , drawn  ÈPjî.to^  the  Three  lines  AB  +  AC:  AB::  EF: 
find fourth  Proportional  FO  ;  then  join  GO,  and  again  to 
the  Three  lines  AB+  AC+  CD:  CD:;  GQ;  find’a  fourth  Pro¬ 
portional  Ol,  that  you' may  have  at  I  the  common  Center  of 
Gravity  of  thé* Three  gii^en  Lines  AB,AÇf  ÇD,  conlider’d 
as  join’d  together  by:  the  Two  lines  EF)G]Dj  which  are  to  be 
look’d  upon  as  withouje  Weight.  ^  - 


The  diÉerept  èq  litVon  and  Proportion  of  the  given  Lines, 
may  afford  u&  lhqrter^^  of  felying  f  his  Problem  ;  As  if 

the  line  CD  ppÿd  be  equal  to  the" 'fum. of  the,  T  wo  others 
Î  then  it  vVfOu’d  only  be  upcelfary  .to  divide  the  line 


GO 
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GO  into  Two  equal  Parts  at  I.  This  is  a*  fhort  Method*  pUte  ij. 
founded'upon  the  Proportion  of  the  Lines,  and  in  the  fol- 
lowing  Problem  you  will  have  One  founded  upon  the  Dif-. 
poficion  of  the  Lines. 

PROP  O  S  I  T  I  O  N  XL  i 

PROBLEM.  ,  . 

How  to  find  the  Center  of  Gravity  of  the  Teriphery  ' 

of  a  Triangle, 

TO  find  the  common  Center  of  Gravity  of  the  Three 
Sides  of  the  given  Triangle  ABC,  you  muft  work  as 
in  Prop  lo.  whence  we  have  taken  this  Method.  ^ 

Divide  the  fides  AB,  AC,  BC,  each  into  Two  equal  Parts, 
at  the  points  E,  D,  F,  and  make  the  Triangle  EDF-  Divide  '  * 

Two  of  hte  Angles  of  this  New  Trianglé  each  into"  Two 
equal  Parts,  by  the  lines  DH,  FG,  and  the  point  I,  where 
thefe  T wo  Lines  interfeft,  will  be  the  comnion  Center  of 
Gravity  of  the  Three  Lines  propos’d 'AB,  AC,  BC,,  which 
fhut  up  the  Triangle  ABC. 

DEM  ÔNSTR  ATfo N. 

Since  CD:  is  to  its  double  CA;  ;  as  CF,  is  to  its  double 
CB  ;  it  follovrs  by  6.  d.  that  the  Triangles  ABC,  DFC,  are 
Similar,  and  by  4. 6.  that  AB;  is  to  DF::  as  BC:  isto'CF  ; 
and  becaufe  BC  is  Twice  CF,  AB  rriiifi:  aîfô  be  Twice  DF,' 
and  confequently  DF  muft  be  equal  to  AE  or  BE.  One  may 
in  the  fame  manner  demonftrate,  that  AD  and  EF  are  Two 
equal  lines,  and  it  is  alfo  plain  by  33:1.  Moreover GD:  has  the 
fame  Ran'o  to  GE::  as  DF:  has  to  EF,  by  3.6  or  as  AE:  to 
AD,  or  AB:  to  AC,  becaufe  of  the^Similar  Triangles  ABCj 
AED.  Whence  it  follows,  that  the  point  G  is  the  Center  of 
Gravity  of  the  Two  Lines  AB,  AC,  which  being  confider’d 
as  One  Line,  it  will  be  known  by  Prop.  i.  That  the'  com¬ 
mon  Center  of  Gravity  of  this  Surn  and’the  third  Line  BC  ; 
that  is,  the  common  Center  of  Gravity  of  thefe  Three  lines 
AB,  AC,  BC,  is  in  fome  point  of  the  line  FG  :  And  in  the 
fame  manner  one  may  demonftrate,  that  it*  is  in 'fome  point 
of  the  line  DH,  and  confequently  that  it  is  in  the  common 
Sedioti  I  of  the  T wo  Lines  FG,  DH.  ^  L  &  D, 

G  3 


P  R  O. 
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PROPOSITION  XIl. 

PROBLEM. 

//ow  to  find  the  Center  of  Gravity  of  the  Teriphery 
of  a  ^adrikteral  Figure, 

eUu  I7tTP  the  Quadrilateral  Figure  propos’d  be  a  Parallelogram, 
77*  X  as  ABGD,  it  is<  plain  that  the  Center  of  Gravity  of  its 
Periphery  is  the  point  I,  where  its  Two  Diagonals  AC,BD, 
interfeâ:.  ' 

But  if  the  Figure  propçs’d  be  a  Trapezium,  as  ABCD, 
the  loth  Prop,  has  given  us  this  fhort  Way  to  find  the  Center 
of  Gravity  of  the  Periphery  ABCD. 

Divide  the  Four  Sides  AB,  BC,  CD,  AD,  each  into  Two 
equal  Parts  at  the  points  E,F,G,iî,  and  likewife  the  Four  An^ 
files  A,  B,  C,  D,  alfd  into  Two  equal  parts,  by  means  of  the 
,  Lines  AI,  BK,  CL,  DM,  and  make  the  Quadrilateral  Figure 
EFGH,  Then  fet  offHl  on  EN,  FK  on  EQ,  FL  on  OP,  and 
HM  on  GQ,  and  draw  the  lines  NP,  OQ;  and  the  poinç  R, 
where  they  interfeft,  will  be  the  Center  of  Gravity  requir’d. 

DEMONSTRATION. 

Since  the  Line  AI  divides  the  Angle  A  into  Two  equal 
parts,  by  3.  6.  AH:  has  the  fame  Ratio  to  AE:  :  as  IH:  has  to 
IE,  or  NE:  to  NH,  wherefore  N  is  the  common  Center  of 
Gravity  of  the  Two  lines  AB, AD:  After  the  fame  manner 
one  may  demonftrate,  that  the  point  O  is  the  Center  of  Gra* 
vity  of  the  Two  lines  AB,BC  ;  that  the  point  P  is  the  Center 
.  of  Gravity  of  the  Two  lines  BC,CD,  and  that  the  point  M 
is  the  Center  of  Gravity  of  the  Two  lines  AD,  CD.  Now  it 
lias  been  demonftrated  in  Prop.  i.  that  if  the  Two  lines  AB, 
AD,  whofe  Center  of  Gravity  is  N,  be  look’d  upon  as  One 
(ingle  Line  ;  and  the  TwoBC,CD,  whofe  Center  of  Gravity 
is  P,  be  alfo  confidcr’d  as  One  fingle  Line  ;  the  Common  Cen¬ 
ter  of  Gravity  of  thofe  two  Sums,  or  of  the  Periphery  ABCD, 
is  in  fome  point  of  the  line  NP  :  And  that  likewife  it  is  in 
fome  point  of  the  line  OQ,  and  therefore  it  muft  be  at  R 
where  they  interfe£l.  ^E.  I,  &  D. 
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PROPOSITION  XIIL 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  the  Teriphe^y 
'  of  a  Tolygon, 

IF  the  Polygon  be  Regular,  it  is  plain  that  its  Center 
of  Gravity  is  the  fame  with  the  Center  of  the  Figure,  or 
of  the  infcrib’d  or  circumfcrib’d  Circle. 

But  if  the  Polygon  be  Irregular,  it  will  be  eafy  by  Prop.  lo. 
to  find  the  Center  of  Gravity  of  its  Periphery,  and  you  may 
çommonly  find  out  fome  Ihort  manner  of  doing  it,  as  you 
have  feen  in  the  Two  foregoing  Propofitions. 

PROPOSITION  XIV. 


T  H  E  O  R  E  M. 


An  Arch  of  a  Circle  being  divided  into  any  Evenly  even 
Humber  of  equal  Arches  ;  the  Ratio  of  the  jum  of 
the  Chords  of  aü  thofe  Arches  :  is  to  half  the  Chord 
of  the  great  Arch:  :  as  the  Ratio  of  the  Sine  of  the 
Complement  of  One  ofthoje  little  Arches  is  to  the 
diflance  between  the  Center  of  the  Circle ^  and  the 
common  Center  of  Gravity  of  the  Chords  of  aU  thoje 
little  Arches. 


Let  us  firft  divide  the  Arch  ABC,  whofe  Center  is  D,  pUu  17. 

and  Chord  AC,  into  Two  equal  Arches  AB,BC,  whofe  pig,  jq. 
Chords  are  BA,  BC,  which  we  will  divide  into  Two  equal 
parts,  at  the  points  E,F,  which  are  their  Centers  of  Gravity, 
by  Prop.  8.  then  let  us  draw  EF,  which  will  be  cut  at  Right- 
angles,  and  into  Two  equal  parts,  by  the  Radius  DB  tit 
which  Point  will  be  the  common  Center  of  Gravity  of  the 
Two  equal  lines  BA,BC,  by  Prop.'i,  Let  us  alfo  draw  the 
OF,  which  will  be  the  Sine  of  the  Complement  of  half 
the  Arch  BC,  This  being  done  and  fuppos  a  ,  I  fay,  That 
xhdiRatio  of  half  the  Sum  of  the  Chords  BA,  BC:  to  half  the 
Chord  AC::  or  the  Ratio  of  BC:  to  CH::  is  the  fame  as  the 
Ratio  of  DFr  to  DG,  which  is  evident  by  reafon  of  the  Two 
Similar  Rcftangular  Triangles  BCH,DGF. 

Let  us  now  again  divide  each  of  the  Two  equal  Arclies  Plate  18. 
AB,  BC,  into  Two  equal  parts,  in  fuch  manner  that  the  Fig.Zi. 
Whole  Arch  ABC  be  divided  into  Four  equal  parts  at  the 

G  4  points 
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J  g  points  E,B,F,  and  draw  the  Four  equal  Chords  AE,EB,BF,FC, 
which  we  will  divide  each  into  Two  equal  parts  at  the 
‘points  I,K,L,M,  which  by  Prop.  8.  will  be  their  Centers  of 
Gravity  ;  and  then  join  the  lines  IK,LM,  to  divide  them  ftill 
into  Two  equal  parts  at  N,0,  which  points  we  niuft  join  by 
^he  line  NO,  which  by  the  Radius  DB  will  be  divided  into 
Two  equal  parts  at  Right-angles  at  the  point  G,  which  by 
Frop.  lo,  will  be  the  common  Center  of  Gravity  of  the  Four 
lines  AE,EB,BF,FC.  Let  us  draw  alfo  the  Radius  DF,  which 
will  go  thro'  the  point  O,  and  cut  at  Right-angles  into  Two 
equal  parts  the  Chord  BC  at  the  point  P:  And  the  line  DM, 
which  will  be  the  Sine  of  the  Complement  of  half  the 
Arch  FC.  This  being  done  and  fuppos’d,  Ï  fay  again,  That 
the  Sum  of  the  Chords  AE,EB,BF,FC:  has  the  fame  R^^/oto 
half  the  Chôrd  AC:  ;  or  BF  +  CF;  has  thé  famé  R^r/o  to  CF:: 
as  DM;  has  to  DG. 

DEMONSTRATION. 

For  It  is  plain  that  the  Two  Reftangular  Triangles  DOM, 
CPE,  are  Similar,  and  by  4.  6.  DM;  has  the  fame  Ratio  to 
t)0::  as  CF:  has  to  CP  ;  or  2CF:  to  ^CP;  that  is,  as  CFd- 
BF:  has  to  CB.  It  is  alfo  plain,  That  the  Two  Reftangular 
Triangles  DGO,BHC,  are  Similar,  arid  confequently  CB  :  is 
to  CH;  :  as  DO:  to  DG.  Whence  it  follows  by  Equality,  that 
CF+BF:  is  to  CH:  :  as  DM;  is  to  DG.  §1.  E.  D.  The  Demon- 
Bration  will  be  the  fame  when  the  Number  of  fubdivifions  is 
greater.  Whence  it  is  eafy  to  conclude,  That  the  Sum  of 
the  Chords  of  the  Arches  which  are  made  by  the  fubdivifion 
of  the  great  Arch  ABC:  is  to  its  Chord  AC;:  as  the  Sine  of 
the  Complement  of  half  of  One  of  thefe  Arches:  is  to  the  di- 
llance  between  the  Center  of  the  Circle,  and  the  common  Cen¬ 
ter  of  Gravity  of  the  Chords  of  all  the  little  Arches.  D. 

SCHOLIUM. 

It  is  evident ,  that  the  more  fubdivifions  there  are,  the 
nearer  will  the  Sine  of  the  Complement  DM  be  to  the  length 
of  the  Radius,  and  the  nearer  alfo  will  the  Chords  of  all  the 
little  Arches  be  to  the  Circumference  ABC:  So  that  if  you 
imagine  the  Arch  ABC  to  be  divided  into  an  Infinite  Num¬ 
ber  of  little  Arches,  the  Sine  of  the  Complement  DM  will  be 
equal  to  the  R^r^m  or  Whole  Sine,  and  the  Sum  of  the  Chords 
of  all  thofe  little  Arches  will  be  exaftly  equal  to  the  Arch 
ABC.  Whence  it  is  eafy  to  conclude,  That  ABC:  has  the 
fame  Ratio  to  its  Chord  AC;:  as  the  Radius  DB:  has  to  DG 
the  difiançé  between  the  Center  D,and  G  the  Center  of  Gra¬ 
vity  of  the  propos’d  Arch.  Hence  it  is  aHb  eafy  to.  conclude, 

That 
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That  the  Radius  of  ^  Circle  is  a  mean  Proportional  between  the 
^luarter  of  its  Circumference^  and  the  Di fiance  from  its  Center  to 
the  Center  of  Gravity  of  half  the  Circumference. 

P  R  O  P  O  S  I  T  I  O  N  XV. 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  a  given  Arch. 

a». 

TO  find  the  Center  of  Gravity  of  the  Arch  ABC,  whofe 

Center  is  D,  divide  it  into  Two  equal  parts  at  B  by^^v  . 
means  of  tha  Radius  DB,  which  will  alfo  divide  into  Two 
equal  parts  at  Right-angles  the  Chord  AC  at  the  point  H  ; 
and  to  the  Arch  ABC:  its  Chord  AC;  :  and  the  Radius  DB: 
find  a  fourth  Proportional,  njix..  DI,  to  have  at  I  the  Center 
of  Gravity  of  the  propos’d  Arch  ABC,  as  it  is  plain  frona 
what  has  been  demonftrated  in  the  foregoing  Propofition. 

SCHOLIUM. 

It  is  plain,  that  if  the  Arch  ABC  was  a  Serhi-circle;  to  the  jg 
Circumference  ABC:  to  the. Diameter  AC:*,  and  to  the  Radjus g 
DB;  a  fourth  Proportional  DI  ought  to  be  found  ;  or  ta- 
king  the  halves  of  the  Two  firft  Lines,  it  w©u’d  be  requir’d 
to  find  a  third  Proportional  to  AB,  or  BC:  (whic^  is  a  Quarter 
of  the  Whole  Circumference  of  the  Circle)  And  to  the  Ra~ 
dius  DB:  :  which  wou’d  be  DI,  to  have  at  I  the  Center  of  Gra¬ 
vity  of  the  Circumference  ABC  the  Semi-circle  propos’d. 

Whence  it  follows.  That  that  Center  I  belongs  to  the  §lua- 
dratrix-Line^  which  wou’d  pafs  thro  the  point  A,  for  the  chief 
Property  of  that  line  is,that  AB  the  Quarter  of  the  Whole  Cir¬ 
cumference  of  the  Circle:  has  the  fame  Ratio  to  thtRadms  hD:: 
as  the  ùiàRadim  AD  or  BD  has  to  DI,  as  we  ftiall  demonfirate 
at  the  end  of  this  Seftion.  If  then  thro’  the  point  A  be  drawn 
the  §luadratrix~Line  AI,  you  will  have  at  Î,  the  Center  of  Gra¬ 
vity  of  the  Semi-circle.  We  do  not  fpeak  of  the  Whole  Cir¬ 
cumference  of  the  Circle,  becaufe  it  is  plain  that  the  Center 
of  Gravity  is  then  the  fame  with  the  Center  of  the  Circle. 


PRO- 
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PROPOSITION  XYI. 
PROBLEM. 

I 

Knowing  the  Center  of  Gravity  of  an  Arch^  Hove  U. 
find  that  of  a  double  Arch. 

Let  the  Arch  AB,  whofe  Center  of  Gravity  is  D  be 
given,  as  alfo  its  Center  of  Gravity  G  upon  the  Radius 
DE,  which  divides  the  Arch  AB  into  Two  equal  parts  at  E  ; 
now  it  is  requir’d  to  find  the  Center  of  Gravity  of  the  double 
Arch  ABC,  upon  the  Radius  which  divides  it  into  Two 
equal  parts  atB. 

Having  fct  off  BE,  or  BF,  and  d:rawn  the  Radius  DF,  make 
DH  equal  to  DG,  to  have  at  G  the  Center  of  Gravity  of  the 
Arch  BC  .*  And  as  G  is  the  Center  of  Gravity  of  the  Arch 
AB,  the  Line  GFI  will  contain  the  common  Center  of  Gra¬ 
vity  of  the  Two  Arches  BA, BC,  by  Prop.  i.  which  being 
equal,  I  the  middle  Point  will  bq  their  common  Center  of 
Gravity,  and  confequently  the  Center  of  Gravity  of  ABC 
the  double  Arch. 

SCHOLIUM. 

Knowing  the  Center  of  Gravity  of  an  Arch,  one  may,  by 
an  Operation  contrary  to  the  foregoing,  find  the  Center  of 
Gravity  of  its  half  :  for  having  I  the  Center  of  Gravity  of 
the  Arch  ABC*  to  find  that  of  its  half  AB,  you  need  only 
divide  it  into  Two  equal  parts  by  the  Radir^  DE  ;  and  from 
I  draw  IG  perpendicular  to  the  Radius  DB,  which  will  on 
the  Radius  DE  give  G^  the  Center  of  Gravity  requir’d. 

PROPOSITION  XVII. 

« 

PROBLEM.  , 

How  to  find  the  common  Center  of  Gravity  of  a  given 
Archj  and  of  its  Chords, 

^O  find  the  common  Center  of  Gravity  of  the  Arch 
I .  ABC,  and  of  its  Chord  AC,  firft  find  out  I  the  Cen¬ 
ter  of  Gravity  of  the  Arch  ABC,  and  H  the  Center  of  Gra¬ 
vity  of  the  Chord  AC  ;  then  by  Prop.  i.  it  is  plain  that  the 
co'mmon  Center  of  Gravity  is  fomewhere  in  the  Line  HI  ; 
wherefore  the  Line  HI  muft  be  divided  into  Two  parts 

at 
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at  L,  m  fuch  manner,  that  ABC:  may  be  to  the  Chord  AC:;  Plate  i 
or  DF  to  DI;:  as  HL  ;  is  to  LI;  now  this  divifion  79 

be  made,  by  finding  a  fourth  proportional  to  the  Three  lines 
DF+DLDF::  HI:  which  will  be  HL  ;  and  L  will  be  the 
Center  pf  Gravity  requir’d. 

If  the  Arch  ABC  be  a  Semi-circle;  having  found  out  the 
Center  of  Gravity  I  of  the  Semi-circle  ABC  ;  find  a  fourth 
proportional  to  the  Three  lines  DB+DI:  DI:  :  DB:  which 
will  be  DL,  or  elfe  IL  which  is  a  third  proportional  to  the 
Two  DB+DI:  DI::  to  have  at  L  the  common  Center  of  Gra¬ 
vity  of  the  Circumference  of  the  Semi-circle  ABC,  and  the 
Diameter  AC. 
f 

Of  the  9lÿaJratrix-LJne/ 

This  Line  has  been  fo  call’d,  becaufe  it  contributes  to  Plate  i  K 
the  fquaring  of  thç  Circle,  as  we  fhall  fhew  after  wc  Fig.  84. 
have  explain’d  the  Generation  and  Defeription  of  this  Curve 
in  the  following  manner. 

Let  ABFD  be  the  fourth  part  of  a  Circle  within  the  Square  r,v 
ABCD,  and  A  One  of  the  Angles  of  that  Square,  its  Center. 

Jpy  Thought  move  the  Side  or  Radim  AD  about  the  Center 
A,  from  D  to  B,  with  an  Equal  and  Uniform  Motion  thro’ 
all  the  points  of  Circumference  BED  ;  And  at  the  fame  time 
let  the  fide  CD  move  from  D  to  A,  remaining  always  parallel 
to  its  oppofice  fide  AB,  with  a  Morion  like  wife  Equal  and 
Uniform",  thro ’all  the' points  of  the  fide  AD,  conceiving  the 
fide  AD  to  be  divided  into  as  many  equal  parts  as  the  Circum¬ 
ference  BFD;  and  then  that  fide  CD  moving  thus  parallel  to 
it  fcif,  and  the  Radius  AD  moving  at  the  fame  rime  about 
the  Center  A,  will  cut  one  another  fuccefiively  in  fuch 
points,  as  will  make  the  êluadratrix-Line  DIE,  whofe  Center 
is  A,  whofe  Vertex  is  D,  whofe  Axis  is  AD,  and  Bafe  AE, 
the  end  of  which,  'vix,.  E,  cannot  be  exactly  tei  minared,  be¬ 
caufe  when  the  fide  CD  is  by  its  Equal  and  Uniform  Morion 
come  upon  the  fide  AB,  the  fide  AD  is  like  wife  come  upon 
the  faid  AB  by  its  Uniform  Morion,  whence  it  happens  that 
thefe  Two  lines  fall  upon  one  another  without  any  Inter- 
feftion. 

Thus  much  for  the  Generation  of  this  Curve,  whence 
may  cafily  be  drawn  the  Method  of  deferibing  ft  upon  Paper, 
with  a  Rule  and  Compafles,  which  may  be  done  by  finding 
feveral  points  of  iti  and  afterwards  joining  them  by  a  Curve, 
w’hich  will  be  the  eafier  to  deferibe  the  nearer  tliofe  poinrs 
are  to,  one  another.  After  the  following  Maivief  you  may 
find  as  many  of  ’em  as  you  pleafe. 

Ha- 
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F/afeiS.  Having  drawn  at  pleafure  the  Two  Perpendiculars  AB, 
86,  ad,  defcribe  at  what  diBance  you  will  from  the  Right-angle 
A  the  Arch  BFD,  and  divide  it  into  as  many  equal  Parts  as 
you  pleafe,  as  for  Example,  into  Six,  divide  likewife  its 
dius  AD  into  Six  equal  Parts,  and  from  all  thofe  points  draw 
Right-lines  parallel  to  the  other  Rsidius  AB.  Draw  alfo  from 
the  Center  A  thro’  the  points  of  Divifion  of  the  Arch  BD,  the 
fame  Number  of  Right-lines,  or  Radii,  which  will  cut  the 
firft  lines  in  Points,  which  you  mufi:  join  by  the  Curve  DIE, 
which  will  be  Dimjiratus's  §l^adratrix~Line,  whofe  Defcrip- 
tion  will  be  the  more  Exaft,  the  more  Points  you  have  found, 
that  is,  the  more  equal  Parts  the  Arch  BD,  and  its  Radius  AD 
are  divided  into  ;  but  one  cannot  determine  the  point  E 
which  fhou’d  terminate  the  Bafe  AE,  becaufe  in  that  Place 
there  is  no  Seftion  of  Lines, otherways  one  might  find  out  the 
fquaring  of  the  Circle  ;  for  if  the  point  E  was  found,  a  Right¬ 
line  equal  to  the  Arch  BFD  wou’d  be  found  Geometrically, 
becaufk  that  Circumference  is  a  third  Proportional  to  the 
Bafe  AE,  and  the  Radius  AB  ;  but  we  muft  demonftrate  it. 

PREPARATION. 

To  demonftrate  that  the  Arch  BD  is  a  tlûrd  Proportional 
to  the  Two  lines  AE,AB,  or  that  the  Bafe  AE  a  third  Pro-  < 
portional  to  the  Arch  BD,  and  its  Radius  AB  ;  it  will  fuffice 
to  demonftrate  that  a  line  greater  than  the  Bafe  AE>  as  AG, 
or  lefs  as  AL,  cannot  be  a  third  Proportional  to  the  Arch  BD, 
and  its  Radius  AB.  For  this  end  from  the  Center  A  draw 
thro’  the  Two  points  L,G,  the  Arches  LM,GH,  and  thro’  the 
point  I  where  the  êluadratrix  is  cut  by  the  Arch  GH,  draw 
the  Radius  AF,  and  the  Line  IR  perpendicular  to  the  Radim 
AD.  Draw  alfo  from  the  point  L,  LI  perpendicular  to  the 
Radius  AB,  and  thro’  the  point  I,  where  it  cuts  the  êl^adra^ 
trix  DE,  draw  the  Radius  AV,  and  the  Line  IK  parallel  to 
the  Radius  AB.  From  the  Center  A,  defcribe  the  Arch  GH 
thro’  the  point  I. 

DEMONS  TRATION. 

If  the  Three  lines  BD,AB,  and  AG  were  proportional  ;  that 
is,  if  we  had  this  Analogy,  BD:  AB;:  AB:  AG,  by  putting  in- 
ftead  of  the  Two  laft  Terms  AB,  AG,  the  Arches  BD,  GH, 
which  are  in  the  fame  Ratio,  becaufe  they  are  Similar,  we 
fhou’d  have  this  other  Analogy  BD;  AB;;'  BD;  GH, where  the 
Antecedents  being  Equal,  the  Conlequents  Ihou’d  be  Equal; 

‘  that  is,  the  line  AB  fhou’d  be  equal  to  the  Arch  GH.  This 
being  fuppos’d,  one  muft  confider,  that  the  Arches  BD,  GH, 

be- 
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being  Similar,  as  well  as  the  Two  BF,  Gl,  we  ftiall  likewife  pyig 
have  this  Analogy,  BD;  BF::  GH  ;  Gf,  and  if  inftead 
the  Two  firft  Terms  BD,  BF,  we  put  the  lines  AD,  AK, 
which  are  in  the  fame  Ratio  by  the  Generation  of  the 
dratrix,  we  Ihall  have  this  other  Analogy  AD  :  ÀK:  :  GH  ; 

GI  ;  and  becaufe  we  have  faid  that  the  Antecedent  AD,  or 
AB,  mufl:  he  equal  to  the  Antecedent  GH,  the  Confequenc 
AK  or  LI,  muft  alfo  be  equal  to  the  Confequent  GI,  which 
being  Impoflible,  it  is  alfo  Impoffible  that  the  Three  Lines 
BD,  AB,  AG  fliou’d  be  proportional.  Which  is  one  of  the 
Two  Things  to  be  demonfirated. 

If  the  Three  lines  BD,  AB,  AL,  were  Proportional,  fo  as 
we  might  have  this  Analogy,  BD:  AB  AB  :  AL,  by 
putting  infl-ead  of  the  Two  laft  Terms  AB,  AL,  the  Two 
Similar  Arches  BD,  LM,  which  are  in  the  fame  Ratio  as  their 
Radij,  we  Ihou’d  have  this  other  Analogy  BD  :  AB  :  :  BD  : 

LM,  where  it  appears  as  before,  that  the  Arch  LM  wou’d 
be  equal  to  the  Line  AB,  or  AD.  This  being  fuppos’d,  one 
muft  confider,  that  BD,  LM  bejng  Similar  Arches  as  well  as 
BF,  LO,  we  Ihall  have  this  Analogy  LM:  LO  BD:  BF, 
and  if  inftead  of  the  Two  laft  Terms  BD,  BF,  we  put  the 
Two  AD,  AK,  which  are  in  the  fame  Ratio,  by  the  Gene* 
ration  of  the  êluadratrix,  we  Ihall  have  this  other  Analogy 
LM  :  LO  :  :  AD  :  AK,  in  which  the  Antecedent  LM  has 
been  demonftrated  equal  to  the  Antecedent  AD,  whence  the 
Confequent  LO  muft  alfo  be  equal  to  the  Confequent  AK  or 
LI,  which  being  Impoflible,  it  is  alfo  Impoflible  that  the 
Three  Lines  BD,  AB,  AL,  fliou’d  be  proportional.  Which 
was  left  to  be  demonfirated. 


SCHOLIUM. 


As  we  are  only  td  fpeak  occafionally  of  this  êhaàdratrix  Line 
(calfd  only  the  ^adratrix)  we  muft  not  mention  any  more 
of  its  different  Properties  :  We  Ihall  only  fay  here,  that  by 
the  means  of  it  you  may  divide  a  given  Arch  into  as  many 
equal  parts  as  you  will  ;  as  if  you  wou’d  divide  the  Arch 
DF  into  Three  equal  parts,  you  muft  draw  the  Radius  AF, 
and  thro’ the  Point  I  where  it  cuts  the  êl^adratrix  DEj  draw 
the  Line  IK  parallel  to  the  Radius  AB,  or  perpendicular  to 
the  Radius  AD,  after  which  having  divided  the  Line  DK 
into  Three  equal  parts  at  the  Points  L,  M,  the  Two  Lines 
LM,  and  MG  muft  be,  thro’  thofe  Points  LM,  drawn  par¬ 
allel  to  the  Line  IK,  which  Lines  will  on  the  §^.^adratrix  DE, 
cive  thé  Two  Points  H,  G,  thro’  which  you  muft  draw  from 
the  Center  A  the  Right-lines  AN,  AO,  which  will  divide 
DF  the  Arch  propos’d,  into  Three  equal  parts. 


Tig,  85. 


But 
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But  this  Dlvifion  may  be  made  with  the  fame  facility  .by 
tueans  of  another  Curve,  invented  by  Mr.  Tfchirnhaus  a 
German  Gentleman,  the  Defcriptiou  of  which  Curve  Line 
we  will  teach,  as  alfo  give  the  Demonftration  of  Two  fine 
Theorems  which  He  has  given  us  concerning  this  Line,  the 
Laft  of  which  has  been  wrong  Bated,  when  we  fpake  of  it  in 
om  Mathematical  Dicîionary,  where  we  miBook  ont  Radius 
for  another  :  and  therefore  for  the  fatisfaftion  of  this  Learned 
Mathematician,  we  ihall  give  the  DemonBration  of  his  Two 
Theorems,  after  we  have  taUght  the  DefCription  of  his 
Curve,  which  is  as  follows. 

Plate  19.  Let  the  Quadrant  ABCD  be  defcribM  as  before  within  the 
9i-  Square  ABLD.  Having  divided  the  Circumference  BCD, 
and  its  Radius  AD,  Each  into  an  equal  Number  of  Parts 
fuch  as  you  think  fit,  as  for  Example,  into  Six,  draw  thro* 
the  Points  of  Divifion  of  the  Arch  BCD  Lines  parallel  to 
the  Radius  AD,  and  thro*  the  Point  of  Divifion  of  the  Ra. 
dius  AD,  Lines  parallel  to  the  other  Radius  AB,  and  thé 
Point  where  tliofc  parallels  interfeO:  being  taken  equally  from 
D  will  form  the  Curve  BED*  by  means  of  which  you  may' 
divide  an  Arch  into  as  many  eqUal  parts  as  you  pleafe,thus  5 
To  divide  the  Arch  CD  into  Three  parts,  for  Examfle^ 
Draw  thro*  the  Point  C,  the  line  CE  parallel  to  the  Radius 
AD,  and  thro*  the  Point  E,  where  this  parallel  CE  cuts  the 
Curve  BED,  draw  EF  parallel  to  the  other  Radius  AB.  Di¬ 
vide  the  line  DF  into  Three  equal  parrs  at  the  Points  G,  H, 
and  thro*  thofe  Points  G,  H,  draw  the  lines  GK,  HÎ,  parallel 
to  the  line  EF,  to  have  upon  the  Curve  BED,  the  Two 
Points  I,  K,  thro’  which  you  muB  draw  IN,  KM,  parallel  to 
the  Radius  AD,  which  will  divide  AD  the  Arch  given,  into 
Three  equal  parts  at  the  Points  M,N 
To  come  now  to  tlie  Two  Theorems  which  we  have  pro¬ 
mis’d,  I  thought  my  felf  oblig’d  to  publifh  the  Letter  which 
the  Reverend  Father  Nicholas  the  Jefuit  honour’d  me  with, 
thereby  to  do  him  juBice,  and  Ihew  as  well  his  excellent 
Genius,  as  his  great  Penetration  in  Geometry. 

yf  Letter  from  the  Reverend  Father  Nicholas,  of 
the  Society  of  Jefus,  to  the  Author, 

Toulouje  April  14.  1(^91. 

SIR, 

O’  I  iiaVe  not  the  Honour  to  be  known  of  you  ; 

I  thought  the  following  DemonBrations,  which  I 
‘  have  found  out  concerning  a  Subjeft,  which  you  gave  me 
‘  the  firB  Occafion  of  applying  my  felf  to,  wou’d  not  be 

ungrate- 


Ns. 
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‘  ungrateful  to  you.  It  is  a  Fortnight  fincfe  I  firft  had  your 
‘  Learned  Diftionary  ;  I  have  read  it  thro*  with  a  great  deal 

*  of  Pleafurc  ;  fo  great  a  Work  cou*d  not  be  perform’d  by  a 

*  Perfon  inferior  in  Learning  to  you.  As  I  am  a  great  Lover 
‘  of  Geometry,  to  which  I  have  very  much  apply’d  my  felfj 
I  and  of  which  I  have  wrote  feveral  Treatifes,  which  may  in 

*  a  little  time  be  publilli’d  ;  I  took  a  particular  delight  in 
Speculative  Geometry  ;  in  treating  of  it,  you  fpeak  in  few* 

^  Words  of  feveral  Curves,  but  always  very  juftly  and  well. 

^  Amongft  others  in  your  99.  and  100  Pages  you  fpeak  of  a 
^  New  Curve  fît  to  divide  a  given  Angle  according  to  a  given 
Ratio,  which  you  fay  was  invented  by  Mr.  Tfckirnhaus  ;  I 
^  muft  own  that  I  had  never  heard  of  this  Curve,  and  this 
^  excited  my  Curiofity  to  examine  it  :  What  engag’d  me  the 
^  more  to  it,  is  that  you  fay  that  Mr.  Tfehirnhaus  has  advanc’d 
^Two  Theorems  concerning  it,  which  he  has  not  demon- 
^  ftrated  ;  the  Firft  is,  that  When  ABCD  is  the  êluarter  of  a  fig^  * 
^Circle,  the  Sface  ABED  i  is  to  the  Square  ABLD\%  as  the 
Radius  AB:  is  to  the  Circumference  BCD:  And  the  other, 
that  the  Solid  rohich  is  produced  by  the  Circumvolution  of 
the  Figure  ABED  about  the  Axis  AB%  is  to  the  Circum-  * 

^ferWd  Cylinder::  as  1  ;  is  to  1,  Thereupon  you  fay,  that 
^  this  Second  Theorem  wou’d  be  True,  and  the  Firft  very 
near  True,  if  the  Curve  BED  was  a  Parabola,  Now  as 
BED  of  Mr.  Tfehirnhaus  comes  pretty  near  a  Parabola,  it 
‘follows  that  his  Two  Theorems  are  very  near  True, 

*  Seeing  then  that  you  doubted  of  the  Whole  Truth  of  thefc 
‘Two  Theorems,  and  that  with  a  great  deal  of  rcafon,  bc- 

*  caufe  they  were  not  demonftrated,  I  was  willing  to  examine 
‘  thoroughly  into  the  matter,  to  fee  if  what  Mr.  Tfehirnhaut 
‘  advances  be  True  or  Falfe  in  the  Geometrical  ftriftncls.  I 
‘found  the  Firft  Theorem  to  be  True,  and  the  Laft  Falfe  s 
‘  Being  thus  oblig’d  to  examine  into  the  Nature  of  this  Curve, 

*  I  have,  in  my  opinion,  difeover’d  and  demonftrated  the 
‘  fineft  Properties  of  it,  whether  the  Dimenfîons  of  the  Space 
‘  ABED,  or  of  its  Parts  ;  or  the  Solids  which  may  be  pro- 
‘  duc’d  by  the  Circumvolution  of  this  Figure  about  AB,  or 
‘  AD  ;  or  the  Center  of  Gravity  of  the  faid  Figure.  I  have 
‘  alfo  found  out  the  Tangents  in  any  Points  whatever  of  the 
‘  Curve  BED  ;  as  for  the  Point  B,  you  muft  only  draw  from 

*  B  a  Line  parallel  to  AD,  but  for  the  other  Points  C,  D, 

‘  you  muft  fuppolc  the  Squaring  of  the  Circle.  I  have  alfo 
‘Ihcwn,  that  the  Curve  BED  may  be  continued  in  Infinitum 

*  both  upwards  and  downwards,  and  that  it  goes  winding, 

*  and  is  compris’d  between  Two  Pailallels.  I  have  alfo  abfo- 
^lutcly  Squar’d  the  Figure  which  is  comprehended  by  the 

*  Curve  BD  continued  till  its  Axis  becomes  Twice  the  Radius, 

AB. 
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AB.  I  have  demon ftrated  what  Refpeft  this  Curve  has  to 
the  Cycloid,  and  fome  other  Things,  concerning  which,  I 
have  wrote  a  Treatife  of  Thirty  Propofitions,  which  I 
fhall  be  very  proud  of  fending  to  you,  if  you  have  a  mind 
to  fee  it.  You  may  judge  of  it  by  this  Specimen  which  I 
fend  you,  njix..  Two  Demonftrations,  the  One  concerning 
the  Space  ABED,  and  the  Other  concerning  the  Solid  which 
is  made  by  the  Circumvolution  of  the  Space  ABED  about 
the  line  AD. 

‘  Let  then  the  Curve  BED  be  Generated  by  the  Quadrant 
ABCD,  after  the  manner  explain’d  in  the  Mathematical 
Diftionary,  Page  99.  dividing  tht  . Radius  AD  into  any  Num¬ 
ber  of  equal  Parts  at  the  points  F,  and  the  Arch  BCD  into 
as  many  equal  Parts  at  the  point  C,  and  drawing  from  the 
points  F  the  lines  FE  parallel  to  AB,  and  from  the  points- C 
the  lines  CE  parallel  to  AD,  and  defcribing  the  Curve  BED, 
thro’  the  points  E  where  thofe  Lines  meet. 

‘  From  this  Generation  one  may,  at  the  very  firfl:,  fee  that  the 
Propertyof  theCurve  BEDis,thac  if  you  draw  what  Ordinate 
you  will,  as  EF,  to  the  Line  AD,  and  from  the  Point  E,  EC 
parallel  to  AD,  in  fuch  manner  that  it  cuts  the  Arch  at  C, 
then  will  AD;  be  to  DF;  :  as  the  Arch  BD;  is  to  the  Arch 


*  DC;  Whence  it  follows,  that  as  DF;  is  to  DF;  ;  fo  is  the  Arch 
‘  DC  :  to  the  Arch  DC.  It  is  alfo  evident,  that  the  Line  EF  is 

*  equal  to  CG  the  Right  Sine  of  the  Arch  CD,  and  therefore 
‘  as  EF;  EF:  :  fo  are  the  Sines  CG:  CG, 

‘  This  being  fupposM,  I  Çzy ,  That  the  Figure  ABED:  is  to  the 

*  Square  of  AB:;  -mThe  Radius  AD:  is  to  the  Arch  BCD. 

‘  Let  the  Quadrant  ABCD  be  turn’d  round  about  AD  ;  in 
‘  fuch  a  cafe  each  Sine  CG  will  defcribe  a  Circle,  and  the 
"Circumference  of  thofe  Circles  will  be  to  one  another  as 

*  their  Radii  CG,  CG,  that  is,  as  EF,  EF.  Since  ,then  the 
‘  Arches  T  C,  DC,  to  which  we  may  fuppofe  the  Circumfe- 
"  rences  applied,  are  in  the  fame  Ratio  as  the  lines  DF,DF,  to 
‘  which  we  may  fuppofe  the  lines  EF,  EF,  to  be  applied  ;  it 
‘  follows,  by  the  Method  of  Indinjifbles ,  (  and  it  might  be 

*  eafily  demonftrated  by  the  Method  of  the  Ancients),  that 

*  the  Sum  of  the  Lines  EF,EF  ;  that  is,  the  Figure  ABED;  is 
‘  to  the  fum  of  the  Circumferences,  that  is,  to  the  Surface  of 
‘  the  Hemifphere,  in  a  Ratio  made  up  of  the  Ratio  of  the  line 
‘  AD  (  which  is  the  Height  df  the  Figure  ABED)  tb  the  Arch 

*  B  C  (which  determines  the  Height  of  the  Surface  of  the 
‘  Hemifphere.)  and  that  of  One  of  the  Radii  EF,  to  its  Cir- 
‘  cumference.  As  I  fpeak  to  a  Great  Geometrician,  I  think 
‘  it  needlefs  to  èxplain  my  fclf  any  farther. 

^  ‘  Then  I  reafon  thus  ;  the  Figure  ABED:  is  to  the  Square 
A  B;  ;  in  a  Ratio  made  up  of  thefe  Two 

Of 
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of  the  Ratio  of  the  Figure  ABED  i  to  the  Surface  of  the  Hemifphere^ 
And  of  that  of  the  Hemifpherei  to  the  Stj^uare  AB. 

''  4  •  *  .  ^ 

*  Now  the  firfl  Ratio  of  thefe  Two  is,  as  we  have  befdré  fald, 
‘  compounded  of  thefe  Two, 

of  the  Ratio  of  the  Line  AD\  to  the  Arcto  fGDj 
And  of  the  Ratio  of  the  Radius;  to  if  s^Circumference, 

'  and  the  Ratio  of  the  Surface  of  the  Hem  ifphere  to  the  Square 
AB,  is  the  fame  as  that  of  the  Circumference  to  its  Radius^ 

*  as  it  is  eafy  to  demonftrate  by  the  PTiriciples  of  Archimedes. 
‘  Therefore  the  Ratio  of  the  Figure  ABED,  to  the  Square  AB 
‘  is  made  up  of  thefe  Three, 

of  that  of  the  Line  AD>.  to  the  Arch  BCD  f 
of  that  of  the  Radius:  to  the  Circumference  ^ 
of  that  of  the  Circumference:  to  the  Radius. 

‘  Now  thefe  Two  laft  make  ,  up  the  Ratio  of  Equality.  The 
‘  Ratio  then  of  the  Figure  ABED:  to  the  Square  AB:;  is  the 
‘  fame  as  that  of  the  Radius  AÛ:  to  the  Arch  BCD.  ^.'É.D., 

‘  Thus  is  Mr.  Tfchirnhaus's  firft  Theorem  true.  / 

‘The  fécond  Demonftratio.n  which  I  fend  you,  Sir,  is  cori- 
‘  cerning  the  Solid  produc’d  by  the  Circumvolution  of  the 
‘  Figure  ABED  about  AD. 

‘  Let  us  then  fuppofe  the  faid  Figure  ABED  to  be  turn’d 
‘  round  about  the  Line  AD.  I  fay.  That  the  Solid  which  is 
‘  produc’d  by  this  Circumvolution;  is  to  the  circumfefib’d 
‘  Cylinder::  as  i:  to  2. 

‘  I.  Defcribe  the  Semi-circle  AHB  upon  the  Line  AB,  as 

*  its  Diameter.  2.  Let  the  Right-angle  BAD  be  divided  into 
‘  any  Number  of  equal  parts  by  the  lines  AC,  AC,  AC,  which 

*  muft  meet  the  Qircumference  AHB,-  at  the  points  H,  H,  H. 

‘  The  Arches  DC,  CC,  CB,  will  then  be  equal.  3.  From  the 
‘  points.C,  C,  C,  draw  the  lines  GE,,CE,  CE,  parallel  to  AD, 
‘  \vhich:  meet  the  Curve  BED,  at  the  points  E,E,Ê,  and  thro’ 
‘the  points  E,E,E,  draw  the  lines  EF,EF,EF, ^Ordinates  to 
‘  AD.  The  line  AD  will  be  divided  at  the  points  FEE  into 
‘  as  many  equal  parts  as  the  Arch  BD  by  the  Property  of  this 
‘  Curve.  4.  Make  an  end  of  the  Reflangles  FE,FE,AE,  which 
‘  will  be  inferib’d  in  the  Figure  ABED.  y.  From  the  Center 
‘A,  taking  the  Chords  AH,  AH,  AH  for  your  draw 

‘the  Seftors  AHI,  AHI,  AHE.  6  Laftly,  from  one  of  the 
‘points  C,  draw  the  Sine  CG,  and  from  its  correfpondent 
‘  point  H,  draw  the  line  HB. 

‘This  being  fuppos’d,  each  Chord  AH  is  equal  to  each 
‘  Ordinate  which  anfwers  to  it  ;  for  if  you  take, /or  Example, 
‘  the  leaft  Chord  AH,  it  will  be  eafily  demonftrated  that  it  is 

*  equal  to  the  Sine  CG^  becaufe  the  Re^:angular  Triangles 

H  !  AHB, 
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’  ‘  AHB,  ACG  are  Equal  and  Similar,  having  the  Angles  HAB, 
‘  ACG,  equal  (by  reafon  of  the  Parallels  AB,  CG,)  and  the 
‘  fides  AB,  AC,  likewife  equal.  Now  the  Sine  CG  is  equal 

*  to  the  Ordinate  EF.  Therefore  the  little  Chord  AH  is 
‘  equal  to  the  little  Ordinate  EF  ;  and  the  fame  thing  may  be 

*  demonftrated  of  the  others. 

VUte  10  compare  the  Seftors  AHI  the  one  with  the 

Fiz  o?*^  other, /ar  Example,  theleaft  Seftor  AHI  with  that  next  to  it. 
93'  ‘  Angles  HAI  are  equal,  by  Conftr.  the  Seftors  muft  be 

‘  Similar  ;  thus  the  little  Seftor  AKI,  is  to  the  Next  AHI,  in 
‘  a  Duple  Ratio  of  the  little  Chord  AH,  to  the  next  Chord 
‘  AH  ;  that  is,  in  a  Duple  Ratio  of  the  little  Ordinate  EF 
‘  to  the  next  Ordinate  EF  ;  that  is,  as  the  Circle  of  the  little 

*  Radius  EF  to  the  Circle  of  the  next  Radius  EF  ;  that  is,  as 

*  the  Cylinder  made  by  the  Circumvolution  of  the  Reftangle 
‘FE,  -about  FF,  to  the  next  Cylinder  made  by  the  next  Reft- 
‘  angle  FE  :  For  thefe  Cylinders  having  their  Heights  FF,FF, 

*  equal,  are  to  one  another  as  their  Bafes,  that  is,  as  the  Circle 
‘  of  the  little  Radius  EF,  is  to  the  Circle  of  the  next  Radius  EF. 

.  ‘  Thus  we  lliall  prove  that  all  the  Seniors  AHI,  are  to  one 

‘another,  as  the  Cylinders  made  by  the  Circumvolution  of 
*the  Reàangles  FE,  AE,  about  AD,  are  to  one  another. 

‘  Whence  it  follows,  that  all  the  Seftors  together  are  to  the 

*  greatefl:  Seftor,  as  all  the  Cylinders  together  are  to  the 
‘  greatefl:  Cylinder  made  by  the  Circumvolution  of  the  Reft- 
‘  angle  AE  about  AF.  Now  the  greatefl:  Sefl:or  AHI  is  to  the 

*  Seâor  ABC  which  is  compris’d  under  the  fame  Angle  B  AC, 
‘in  a  Duple  of  the  great  Chord  AH,  to  tht  Radius 
‘  AB  ;  that  is,  of  the  greatefl:  Ordinate  EF,  to  the  Line  FK, 

‘  (producing  FE  till  it  meets  at  K  the  line  BL,  which  touches 
‘  the  Circle  at  B.)  Therefore  the  greatefl:  Seftor  AHI  :  is  to 
‘the  Seftor  ABC,  which  anfwers  to  it::  as  the  Cylinder 
‘made by  the  Reftangle  AE:  to  the  Cylinder  made  by  the' 
‘Rectangle  AK.  Laftly,  the  Seftor  ABC;  is  to  the  Qua- 
‘dranc  ABD:  :  as  the  Arch  BC  :  to  the  Arch  BD;  that  is,  as 
‘  the  Line  AF  ;  to  the  Line  AD  ;  that  is,  as  the  Cylinder  made 
‘  by  the  Reftangle  AK:  to  the  Cylinder  made  by  the  Red- 
‘  angle  AL,  about  AD. 

It  follows  from  all  this,  thit^  ex  aquo-,  all  the  Sectors  to- 
‘  gether  AHI;  are  to  the  Quadrant  ABD  ::  as  all  the  Cylinders 
‘made  by  the  Rectangles  EF,AE :  are  to  the  Cylinder  made 
^  by  the  Square  AL.  Now  it  is  plain  that  the  SeCtors  may  be 
^  To  multiplied,  that  defment  in  Semicirculum  and  the 

^  Cylinders  may  be  fo  multiplied,  that SolidumfaBum 
^ex  Figura  ABED  circa  AD, in  orbem  duBa.  Therefore  the  Semi- 
.  ^  circle  AHB  ;  is  to  the  Quadrant  ABCD  :  :  as  the  Solid  pro¬ 
duc’d  by  the  Circumvolution  of  the  Figure  ABED  about 

AD  ; 
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‘AD;  is  to  the  circumfcrib’d  Cylinder  made  hy  the  Cir*p/^^^ 
‘cumvolution  of  the  Square  AL  about  the  faid  line  AD.  p,v  ’ 

*  Now  the  Semi-circleAHB  is  half  of  the  Quadrant  ABCD,  ‘ 

‘  as  it  is  eafy  to  demonftrate.  Therefore  the  Solid  made  by 

‘the  Circumvolution  of  the  Figure  ABED  about  AD,  is 
‘  half  of  the  Cylinder  circumfcrib’d.  E.  D. 

Mfend  you  this  fécond  Demonftration,  Sir,  becaufe  I 
‘  fancy  that  it  muft  be  this  Solid  made  by  a  Revolution  about 
‘AD,  that  Mr.  Tfchirnhaus  Ipeaks  of,  becaufe  it  has  fo  ex- 
‘aftly  the  Ratio  of  i  to  2,  to  the  Circumfcrib’d  Cylinder  ; 

‘  and  befides  it  is  eafy  to  miftake  thcfc  Solids  made  by  the  Fi- 
‘  gure  ABED  one  for  another,  by  reafon  that  the  Two  Radii 
‘  AB,  AD,  are  equal.  Be  fo  kind  as  to  confult  Mr.  Tfchirnhaus 
'  about  it,  and  fend  me  word,  whether  my  Conjecture  be 
‘  true.  If  you  find  that  he  fpeaks  of  the  Solid  made  about 
‘  AB,  and  that  he  fays  as  you  have  wrote,  that  fuch  a  Solid  c 
‘  is  to  the  Circumfcrib’d  Cylinder::  as  i  :  to  a,  his  Theorem 
‘  is  certainly  falfe  ;  for  it  wou’d  then  follow  that  the  Solid 
‘  made  about  AB  fliou’d  be  equal  to  the  Solid  made  about 
‘  AD,  which  I  have  demonftrated  to  be  falfe.  I  will  fend 
‘  you  the  Demonftration  when  you  pleafe  ;  it  is  fuppos’d  in 
‘my  Method ><ithat  the  Center  of  Gravity  of  the  Figure 

*  ABED  is  knowm  :  and  thus  I  determine  its  place. 

‘  Let  the  point  Z  be  the  Center  of  Gravity  of  the  Figure 
‘ABED,  and  let  the  Two  lines  XZ,  YZ,  be  drawn  thro’ 

‘parallel  to  AB,  AD.  I  fay,  That  the  line  AB  is  fo  divided 
‘  at  Y,  that  AY  is  equal  to  the  fourth  part  of  the  Arch  BD, 

‘  and  that  AD  is  fo  divided  at  X,  that  AD  ;  is  to  DX  ::  as 
‘  the  Arch  BD  :  is  to  the  Radius  AD. 

‘This  Letter  grows  too  long,  therefore  I’ll  make  an  end, 

‘  afTuring  you,  Sir,  that  the  Excellent  Pieces  which  you  have 
‘  publifh’d,  have  given  me  fuch  an  Efteem  of  your  Merit, 

‘  that  I  fhall  look  upon  it  as  a  great  Obligation  to  keep  a  Cor- 
‘  refpondence  with  you  concerning  Geometrical  Subjefts; 

‘  This  will  be  fo  advantageous  to  me,  that  I  cannot  but 
‘  earneftly  wifh  it.  When  you  will  vouchfafe  me  the  Honour 
‘  of  a  Letter,  give  it  to  Friar  Brotes^  who  lives  at  the  Maifin 

*  Profeffe,  and  he  will  take  care  to  help  me  to  it,  and  likwifç 
‘  to  deliver  you  mine.  I  expeCt  with  Impatience  the  great 
‘  Treatifc  of  Algebra^  which  you  have  promis’d  to  publifh  * 

‘  coming  from  you  it  cannot  but  be  ExtraordinaryGood.  For 
‘  my  part  I  am  going  on  with  a  Treatife  of  Conchoides 

‘  Cijfoides^  which  is  already  very  forward,  and  which  I  have 
‘  difconcinued  only  this  Fortnight,  that  I  have  been  medi- 
‘  fating  upon  this  Curve  of  iVfr.  Tfchirnhaus.  I  am,  ô'c. 

We  lhall  at  the  End  of  the  next  Sefbion,  give  the  De- 
inonftration  of  the  foregoing  Method,  to  find  the  Center  of 

H  a  Gra- 
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Gravity  of  the  Figure  ABED,  in  another  Letter  by  the  Re¬ 
verend  Father  Nicholas^  by  which  it  will  appear  more  than 
by  the  foregoing,  how  Strong  his  Genius  is,  and  how  Deep 
are  his  Speculations  in  Geometry. 


SECTION  II. 

PROBLEM. 

Of  ihe  Center  of  Gravity  of  Thins, 


TH  O*  there  is  no  Plain  but  whatf  is  joyn’d  to  a  Body  ; 

yet  one  may  confider  a  Body  which  is  Flat,  Homoge¬ 
neous,  of  an  equal  and  infenfible  Thicknefs  all  over,  as  a 
Plain,  if  we  only  take  notice  of  its»  Length  arid  Breadth  ; 
and  we  may  allow  it  Weight  and  a  Center  of  Gravity,  which 
we  will  teach  how  to  find  in  the  following  Propofitions. 


PROPOSITION  1. 

THEOREM. 

The  Center  of  Gravity  of  a  TaraJlelogram  is  in  [ome 
one  Toint  of  that  Line^  which  ^afjes  thro  the 
middle  of  the  Two  Oppo/ite  fides, 

the  Two  oppofite  fides  of  the  Parallelogram 
*  A  ABCD,  be  divided  into  Two  equal  Parts  at  the  Points 
E,  F  ;  I  fay,  That  the  Center  of  Gravity  of  that  Parallelo¬ 
gram  ABCD,  is  in  fome  Point  of  the  Line  EF. 


DEMONSTRATION. 

Tf  you  imagine  within  the  Figure  ABCD,  an  infinite 
Number  of  Lines  parallel  to  one  another,  and  like  wife  to 
the  fides  AB,  CD,  they  will  be  equal  to  one  another,  and 
equally  divided,  and  the  Center  of  Gravity  of  each  will  be  in 
the  line  EF,  becaufe  that  Center  is  in  the  middle  of  each  of ’em 
hy  Dcfin.  6,  Wherefore  the  Common  Center  of  Gravity  of 
all  thofe  Lines  taken  together,  or  of  the  Parallelogram  ABCD, 
muft  alfo  be  in  the  Line  EF.  E.  D. 

PROPOSITION  IL 

PROBLEM, 

TIow  to  find  the  Center  of  Gravity  of  a  given  Ta- 
ralielogram. 

TKt  ABCD  he  the  Parallelogram  given,  whofc  Center  of 
Gravity  is  to  be  found.  Draw  the  Two  Diagonals  AC, 
ED,  and  E  the  Point  where  they  interieft  will  be  the  Center 
Gravity  of  ABCD,  the  Parallelogram  propos’d. 

DE- 
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DEMONSTRATION. 

If  the  Sides  be  divided  into  Two  equal  Parts  at  the  points  PUte  iS. 
FJ,G,H,it  will  be  known  hy  Ptyp  that  the  Center  of  Gravity  F/g.  83. 
of  the  Parallelogram  ABCD,  is  in  the  line  FG,  and  alfo  in  the 
Line  HI,  Whence  it  is  eafy  to  conclude,  that  it  is  in  their 
common  Seftion  ;  that  is,  in  the  Point  E.  ^  £•  I,  D, 

0 

PROPOSITION  IIL 

THEOREM. 

The  Center  of  Gravity  of  a  Triangle^  is  in  a  Line 
which  pad  es  thro  one  of  its  Angles^  and  the  fide 
which  is  oppofite  to  it. 

IF  the  fide  AC  of  the  Triangle  ABC  be  divided  into  Two  . 

equal  Parts  at  the  Point  D,  and  that  from  the  Oppofite 
Angle  B  be  drawm  the  Line  BD  ;  I  fay,  that  the  Center  of  • 
Gravity  of  the  Triangle  ABC  is  in  the  Line  BD. 


DEMONSTRATION. 

If  you  Imagine  within  the  Triangle  ABC  an  infinite  Num- 
ber  of  Lines  parallel  to  one  another,  and  likewife  to  the  fide 
AC,  they  will  all  be  divided  into  Two  equal  Parts  by  the 
Line  BD,  and  confequently  the  Center  of  Gravity  of  each 
will  be  in  the  Line  BD  Wherefore  the  common  Center  of 
Gravity  of  all  thofe  Lines  taken  together,  or  of  the  Triangle 
ABC,  will  be  in  the  Line  BD. 

COROLLARY. 


It  is  evident  from  this  Propofition,  that  if  a  Right-line 
be  drawn  from  one  of  the  Angles  of  a  Triangle,  as  the  Angle 
B  of  the  Triangle  ABC,  thro’'  its  Center  of  Gravity  G,  that 
Right-line  as  here  BD,  will  divide  the  oppofite  fide  AC,  into 
Two  equal  Parts  at  the  Point  D. 


PROPOSITION.  lY. 

PROBLEM. 


jRow  to  fnd  the  Center  of  Gravity  of  a  given  Triangle. 

Let  ABC  be  the  Triangle  given,  whofe  Center  of  Gra¬ 
vity  is  to  be  found.  Divide  Two  of  the  fidcs,  as  AB« 

H  3  AC, 
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V'late  18.AC,  each  Into  Two  equal  parts  at  the  Points  F,  D,  and  from 

FigM.  the  oppofite  Angles  C,  B,  draw  the  Rightdines  CF,  BD,  and 
the  Point  G  where  they  intcrfeO:  will  be  the  Center  of  Gra¬ 
vity  requir’d,  fince  by  Prop,  3.  it  muft  be  in  each  of  the  Lines 
BD,  CF. 

COROLLARY. 

•  Hence  it  follows,  that  if  from  the  Three  Angles  of  a 

Triangle,  as  many  Right-lines  be  drawn  thro’  the  middle  of 
their  oppofite  fides,  thofe  Three  Lines  will  interfeft  within 
the  Triangle  in  the  fame  Point,  in  thé  Center  of  Gra¬ 
vity  of  the  Triangle. 

'  SCHOLIUM. 

$9.  may,  find  out  the  Center  of  Gravity  of  the  given  Tri- 

'  angle  ABC,  another  way,  becaufe  the  Part  DG  is  equal  to 

half  the  other  Part  BG,  or  to  the  Third  Part  of  the  whole 
Line  BD.  For  if  from  the  Points  C,  D,  the  Lines  CH,  DI, 
which  meet  the  fide  AB  produc’d  at  I,  and  H,  be  drawn 
parallel  to  the  Line  AE,  it  will  be  known  that  the  Triangles 
ABE,  HBC,  are  Equiangular  and  Similar,  and  confequently, 
that  the  Two  Lines  AB,  AH,  are  equal,  becaufe  EB  and  EC 
are  equal  :  And  likewife  that  becaufe  of  the  Similar  Triangles 
ADL  ACH,  and  of  the  Two  equal  Lines  DA,  DC,  the  Two 
ÏA,  IH  are  alfo  equal,  and  confequently  that  the  Line  AI  is 
equal  to  half  the  Line  AH  or  AB,  or  to  the  Third  Part  of 
the  whole  Line  BI  ;  and  becaufe  BGA,  BDI  are  Similar,  the 
Line  DG  will  alfo  be  equal  to  the  third  Part  of  the  LineBD. 

E.  D. 

F/g.  88.  If  then  the  Line  DG  be  taken  equal  to  the  third  Part  of 
the  Line  BD,  you  will  have  at  G  the  Center  of  Gravity,  of 
the  Triangle  ABC;  which  you  may  have  alfo  another  way, 
'VIZ.  by  taking  AH  equal  to  the  third  Part  of  the  fide  AB, 
and  likewife  Cl  equal  to  the  third  Part  of  the  fide  BC,  and 
joyning  HI,  vx^hofe  middle  Point  G  w’ill  be  the  Center  of 
Gravity  requir’d. 

PROPOSITION  V. 

THEOREM. 

T^e  Center  of  Gravity  of  a  Trapezoid  is  in  the  Right- 
;  line  j  which  divides  each  of  its  par  all  el  Sides  equally^ 

IF  the  Two  parallel  fides  AB,  CD,  of  the  Trapezoid  ABCD 
be  divided  each  into  Two  equal  Parts  at  the  Points  E,F  ; 
I  fay.  That  the  Center  of  Gravity  of  that  Trapezoid  is  in 
fome  Point  of  the  Line  EF.  ■ 


DE- 
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DEMONSTRATION. 

If  by  Thought  you  draw  an  infinite  Number  of  Lines 
within  the  Trapezoid  ABCD,  which  are  parallel  to  one  ^8* 

other  and  to  the  Two  fides  AB,  CD,  they  will  all  be  equally  90. 
divided  by  the  Line  EF,  and  the  Center  of  Gravity  of  each 
will  be  confequently  in  the  Line  EF.  Wherefore  their  Com¬ 
mon  Center  of  Gravity,  that  is,  the  Center  of  Gravity  of 
the  Trapezoid  will  be  alfo  in  the  Line  EF.  ^  E.  D. 


PROPOSITION  VI. 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  a  given  Trape^  • 
zium, 

IF  the  Trapezium  propos’d  be  a  Trapezoid,  as  ABCDjWhofe 
Two  Oppofite  fides  AB,  CD,  are  parallel  ;  each  of  thofe  ^ 
fides  AB,  CD,  muft  be  divided  into  Two  equal  Parts  at  E,F, 
and  the  Two  others  AD,  BC,  into  Three  equal  Parts  at  I, 

G,  H,K,  then  if  Right-lines  be  drawn  as  you  fee  in  the  Fi¬ 
gure,  the  Point  L  will  by  Prop.  6.  be  the  Center  of  Gravity 
of  the  Triangle  ACD,  and  the  Point  M  the  Center  of  Gra¬ 
vity  of  the  Triangle  ACB  ;  wherefore  by  Prop.  i.  Sect.  i.  the 
common  Center  of  Gravity  of  thefe  Two  Triangles  ACD, 
ACB,  that  is,  the  Center  of  Gravity  of  the  Trapezoid  ABCD 
will  be  in  the  Line  LM  :  and  as  it  is  alfo  in  the  Line  EF,  by 
Prfip,  5.  it  will  be  at  O  their  Point  of  interfeftion. 

But  if  the  Trapezium  has  no  parallel  fides,  as  ABCD,  p,. 
you  muft  draw  the  Diagonals  AC,  BD,  and  by  Prop,  4.  you  ■ 
will  find  the  Center  of  Gravity  E  of  the  Triangle  ABD, 
and  the  Center  of  Gravity  G  of  the  Triangle  DBC,  and  then 
you  may  by  Prop.  i.  SeB.  i.  know  that  the  common  Center  of 
Gravity  of  thofe  Two  Triangles  ABC, DBC,  or  the  Center  of 
Gravity  of  the  Trapezium  ABCD  is  in  the  Line  EG.  After 
the  fame  manner  you  may  know,  that  if  the  Center  of  Gra¬ 
vity  F  of  . the  Triangle  ABC,  and  the  Center  of  Gravity  H 
of  the  Triangle  DAC  be  found,  the  common  Center  of  Gra¬ 
vity  of  thefe  Two  Triangles  ABC,  DAC,  or  the  Center  of 
Gravity  of  the  Trapezium  ABCD  is  in  the  Line  FH  ;  whence 
it  is  eafy  to  conclude  that  it  is  in  the  Point  O,  where  EG 
andFH  interfed. 


N 


H  4 


PRO- 
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PROPOSITION  VIT. 

PROBLEM. 

Hovi)  to find  the  Center  of  Gravity  of  a  given  ToJygon. 

PUtê  20.  Yp  propos’d  Polygon  be  Regular,  it  is  plain  that  itsCen- 
97*  Jl^  Xer  of  Gravity  is  the  fame  as  the  Center  of  the  infcrib’d,  ot 
circumfcrib’d  Circle,  that  is,  the  fame  as  the  Center  of  the 
Polygon,  and  there  needs  no  particular  demonftration  of  it. 

But  if  the  given  Polygon  be  Irregular,  as  the  Pentagon 
ABCDE,  it  muft  be  reduc’d  into  Triangles  by  the  Diagonals 
DA,  DB,  which  may  he  drawn  from  what  Angles  you  pleafe, 
and  by  Prop  4.  the  Center  of  Gravity  I  of  the  Triangle  ADB 
itpuft  be  found,  and  by  Prop.  6.  the  Center  of  Qravity  G  of  the 
Trapezium  ABCD,  and  then  it  will  be  known  by  Prop,  j. 
SeB.  I.  that  the  Center  of. the  Pentagon  ABCDE  is  in  the  Line 
T(j.  Like  wife  H  the  Center  of  Gravity  of  the  Triangle 
BDC,  and  F  the  Center  of  Gravity  of  the  Trapezium  ABDE 
muft  be  found,  and  it  will  be  known  after  the  fame  manner, 
,  that  the  Center  of  Gravity  of  the  Pentagon  ABCDE  is  in 
the  Line  FH.  Whence  it  is  eafy  to  conlude,  that  it  is  in  the 
Point  O,  where  the  Lines  IG  and  FH  interfeft. 


COROLLARY. 

Thus  has  O,  the  Center  of  Gravity  of  the  propos’d  Pen¬ 
tagon  ABCDE,  been  found  ;  and  after  the  fame  manner  may 
the  Center  of  Gravity  of  any  other  Polygon  be  found,  wss. 
if  it  be  always  Twice  reduc’d  into  Two  parts,  to  joyn  their 
Centers  of  Gravity  by  Two  Right-lines,  which  will  in  their 
Point  of  Interfeftion  give  the  Center  of  Gravity  of  the 
Figure  propos’d. 


PROPOSITION  yill. 

THEOREM. 

An  Arch  heing  divided  into  any  Evenly  even  Number 
of  fmall  e^ual  Arches  y  the  Center  of  Gravity  of 
the  Figure  made  by  the  Chords  of  all  thof  'e  little 
Arches  and  the  Two  Radii  drawn  from  the  Two 
Extremities  y  is  di fiant  from  the  common  Center 
of  Gravity  of  all  thofe  Chords  ^  One  third  fart  of 
the  diBance  from  the  faid  common  Center  . of  Gra¬ 
vity  of  the  Chords  to  the  Center  of  the  Circle. 


Plate  ig.  T^Tvide  the  Arch  ABC,  whofc  Center  is  D,  into  w^hac 
9^*  JL#  ^venly  even  Number  cf  equal  parts  you  pleafe,  as 

„  .ft  '  into 
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into  Four  at  the  Points  E,B,F,  and  having  drawn  the  Chords  • 

AE,  EB,  BF,  FC,  divide  each  of  them  into  Two  equal  parts 
at  the  Points  G,  H,  I,  K,  which  will  be  their  Centers  of  Gra-E-'^g-  96. 
vity,  and  if  the  Right-lines  GH,IK,  be  joyn’d  and  their 
middles  L,  M,  by- the  Line  ML,  its  middle  point  N  will  be 
the  common  Center  of  Gravity  of  the  Four  Chords  AE,EB, 

BF,  FC.  Then  make  CP  equal  to  the  third  part  of  the  Radius 
CD,  and  from  the.  Center  D  draw  thro’  the  point  P,  POS 
the  Circumference  of  a  Circle,  which  will  give  as  many 
little  Chords  equal  to  one  another,  viz.  SR,  RO,  OQ,  QP, 
whofc  middle  points  are  i,  2,3,4.  by  means  of  w^hich  you 
will  find  T  the  common  Center  of  Gravity  of  thofe  Fmjr 
Chords  as  before  and  this  fécond  Center  of  Gravity  will  allb 
be  the  Center  of  Gravity  of  the  Reftilineal  FigiireAEBFCDA; 
for  fince  CP  is  the  third  Part  of  CD,  or  FQ  the  third  part  of 
FQ,  and  confequently  K4  the  third  Part  of  KD,  the  middle 
point  4  of  the  line  PQ,  is  the  Center  of  Gravity  of  the  Tri¬ 
angle  CDF,  by  Prop. 4..  and  likewife  tlje  point  swill  be  the  Cen¬ 
ter  of  Gravity  of  the  Triangle  FÙB,  and  confequently  the 
middle  point  6  of  the  line  3,  4,  is  the  common  Center  of  Gra-  » 
vity  of  the  Two  equal  Triangles  CDF,FDB,  or  the  Center  of 
the  Trapezium  BDCF.  After  the  fame  manner  you  may  know 
that  the  point  5  is  the  Center  of  Gravity  of  the  Trapezium 
ADBE  equal  to  the  foregoing  BDCF,  and  that  confequently 
the  middle  point  T  of  the  line  5,  6,  is  the  comrnon  Center 
of  Gravity  or  the  Two  equal  Trapezia  ADBE,  BCDF,  or  the 
Center  of  Gravity  of  the  reftilineal  Figure  ADCFBE. 

This  being  done  and  fuppos’d,  I  fay.  That  the  line  NT  is 
the  third  part  of  the  fine  ND. 

DEMONSTRATION. 

Becaufe  the  line  CP  is  the  third  part  of  CD,  or  FQ  the 
third  part  of  FD,  and  the  line  K  4  the  third  part  of  KD  ;  the 
line  M  6  muft  alfo  be  the  third  part  of  MD,  and  confequently 
the  line  NT  will  be  the  third  part  of  the  line  ND.  E.  D. 

COROLLARY. 

From  this  Propofition  it  is  evident,  that  the  Center  of  Gra¬ 
vity  of  the  Seflor  ADCB,  is  diftant  from  the  Center  of  Gra¬ 
vity  of  its  Circumference  ABC,  the  third  part  of  the  difiance 
between  the  Center  of  Gravity  of  the  Circumference  and 
the  Center  of  the  Circle.  For  if,  by  Thought,  you  divide 
the  Arch  ABC  into  an  infinite  Number  of  equal  parts,  N 
the  Center  of  Gravity  of  thofe  Innumerable  Chords  taken 
together  will  be  the  fame  as  that  of  the  Circumference  ABC, 

V  '  '  '  i  « 
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j  and  T  the  Center  of  Gravity  of  the  Figure  ADCFBE  will  be 
the  fame  as  that  of  the  Seâror  ADCB.  Whence  it  follows. 
That  the  diftance  of  the  Center  of  Gravity  of  a  Seftor,  is 
equal  to  the  Two  third  parts  of  the  diftance  of  the  Center  of 
Gravity  of  its  Circumference,  if  thofe  Two  diftances  be-, 
reckon’d  from  the  Center  of  the  Circle. 

P  R  O  P  O  S  I  T  I  O  N  IX. 

PROBLEM. 

jRow  to  find  the  Center  of  Gravity  of  a  given  SeSior 
of  a  Circle. 

9^.  find  the  Center  of  Gravity  of  the  Seftor  ADBC, 

JL  whofe  Center  is  D,  you  mull:  by  Prop.  15.  Se^.  i.  find 
the  Center  of .  Gravity  N  of  the  Circumference  ABC,  and 
make  the  line  NT  equal  to  the  third  part  of  the  line  ND,  that 
^  you  may  at  T  have  the  Center  of  Gravity  of  the  propos’d 
Senior  ABCD,  as  it  is  evident,  by  CoroU.  Prop.  8. 

I 

SCHOLIUM, 

\ 

If  the  propos’d  Seftor  be  a  Semi-Circle,  one  may  make  ufe 
of  this  mort  Method  to  find  its  Center  of  Gravity.  To  a 
Une  equal  to  a  ^^uarter  of  the  Circumference  of  the  Circle  :  to  the 
Radius  ;  :  and  to  the  Two  third  parts  of  the  Radius  :  find  a  Fourth, 
proportional,  which  will  be  the  dijlanccfirom  the  Center  of  Gravity 
of  the  Semi-circle  propos'd  to  the  Center  of  the  faid  Semi-circle. 

We  fhali  not  give  a  Rule  for  finding  the  Center  of  Gra¬ 
vity  of  a  whoIe.Circle,  becaufc  it  is  fo  plain  that  the  Center 
'  of  Gravity  is  the  fame  as  the  Center  of  the  Circle,  chat  it 
needs  not  be  demonftrated. 

PROPOSITION  X. 

PROBLEM. 

Hovo  to  fnd  the  Center  of  Gravity  of  a  Segment  of 
a  Circle  '. 

f  * 

TO  find  the  Center  of  Gravity  of  the  Segment  ACB, 
whofe  Center  is  D,  you  muft,  by  Prop.  i^.Secl.  i.  find  the 
Center  of  Gravity  E  of  the  Circumference  ABC,  and  having 
taken  EG  equal  to  the  third  part  of  ED,  upon  the  Radius  BD, 
(which  divides  into  Two  equal  parts  at  Right  Angles  the 

Chord, 
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Chord  AC  at  the  point  F)  to  have  at  G  the  Center  of  Gravity 
of  the  Seftor  ADCB,  by  Prop.gJmà  having alfo  made  FG  equal  9^* 

to  the  thircipart  of  FD,  to  have  at  H  the  Center  of  Gravity  of 
the  Triangle  At)C,  by  Prop.  4.  to  the  Segment  ACB  ;  to  the 
Triangle  ACD  ;  :  and  to  GH  the  diftance  from  the  Center  of 
Gravity  of  the  Seftor,  to  the  Center  of  Gravity  of  the  Tri-  ,  • 

angle  :  find  a  fourth  Proportional,  which  will  be  GO,  that 
you  may  have  at  O  the  Center  of  Gravity  of  the  given  Seg¬ 
ment  ACB,  the  Demonftration  of  which  is  evident  by  Prop.j, 

S0,  i. 

PROPOSITION  XL 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  a  Lunula. 

WE  call  Lunula  a  Plain  terminated  by  the  Circumfe¬ 
rences  of  Two  Circles,  which  touch  one  another  Fig. 
on  the  infide,  as  the  Figure  comprehended  between  the 
Circumferences  of  the  Two  Circles  AEOG,  ABCD,  which 
touch  on  the  infide  at  the  point  A,  thro’  which  and  alfo  the 
Centers  H,  T,  of  the  Two  Circles  the  Line  ÀC  is  drawn,  to 
find  in  it  the  Center  of  Gravity  of  the  propos’d  Lunula  after 
this  manner. 

It  is  plain,  that  to  find  the  Center  of  Gravity  of  this  L^r- 
we  need  only,  by  Prop,  7.  Sebl.j,  find  the  Center  of  Gra¬ 
vity  of  the  difference  of  the  Two  Circles  AEFG,  ABCD. 

But  to  come  to  the  Praftice  ;  find  a  fourth  Proportional  to 
the  Lunula  :  the  Little  Circle  AEFGi  :  (or  to  the  difference 
of  the  Squares  of  the  Diameters  AC;  AO  :  to  the  Square 
of  the  little  Diameter  AO  ;  :)  and  to  the  diftance  IH  of  the 
Centers  L  H  :  which  will  be  HF,  and  at  F  you  will  have  the 
Center  of  Gravity  of  the  propos’d  Lunula, 

SCHOLIUM. 

If  in  the  great  Circle  you  inferibe  the  Line  AK  equal 
to  the  little  Diameter  AO,  and  draw  the  line  CK,  the  Angle 
AKC  will  be  a  Right,  3  f. 3.  and  ^^47. r.  the  Square  CK  will 
be  the  firfl:  Term  of  the  foregoing  Proportion,  and  the 
Square  AK  or  AO,  the  fécond  ;  and  if  inftead  of  thofe  Two 
Squares  you  wou’d  have  Tw'o  lines  in  the  fame  Katio^  you 
muft  from  K  draw  KL  perpendicular  to  the  Diameter  AC, 
and  then  the  lines  AC,  CL,  will  be  in  the  fame  Ratio  as  the 
Two  Squares  CK,  AK,  by  reafon  of  the  Three  Proportionals 
AC,  CK,  and  CL  ;  as  it  is  evident  by  8,  <5,  6cc. 

PR  Or 
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PROPOSITION  XII. 

THEOREM.  . 

The  Center  of  Gravity  of  a  Conkk  SeBion  is  in  its 
T>iameter. 

LE  T  us,  for  Example,  propofe  the  Parabola  ABC,  ter¬ 
minated  by  AC  Ordinate  to  the  Diameter  BÛ,  which 
divides  it  into  Two  equal  parts  at  D.  I  fay,  That  the  Cen¬ 
ter  of  Gravity  of  the  Parabola  ABC  is  in  fome  point  of  the 
Diameter  BD, 

I 

DEMONSTRATION. 

* 

If  you  imagine  within  the  Parabola  ABC  an  infinite  Num¬ 
ber  of  Lines  parallel  to  one  another,  and  alfo  to  the  Ordinate 
AC,  they  will  all  be  Ordinates  to  the  Oiameter  BD  ;  that  is, 
they  will  all  be  divided  into  Two  equal  parts  by  the  Diame¬ 
ter  BD,  and  tfie  Center  of  Gravity  of  each  of  them  will  con- 
fequently  be  in  that  Diameter  BD;  wherefore  the  common 
Center  of  Gravity  of  all  thofe  lines,  or  the  Center  of  Gra¬ 
vity  of  the  Parabola  ABC,  will  be  in  the  Diameter  BD. 

PROPOSITION  Xlir. 

THEOREM. 

If  upon  any  Number  of  Ordinates  to  the  fame  T)k 
ameter  of  a  Conkk  Section  Triangles  he  deferih'dy 
Each  of  which  has  its  Vertex  at  the  fop  of  the 
Conkk  SeBion,  every  one  of  thofe  Triangles,  and 
every  Trapezium.^  which  will  he  in  the  Conkk 
SeBion^  will  have  its  Center  of  Gravity  in  the  Hi- 
ameter  of  the  faid  Conick  SeBion, 

Let  ABC,  for  Example,  be  the  Parabola  propos’d,  whofe 
Diameter  is  BD,  to  which  we  mufi:  draw,  for  Example, 
the  Two  Ordinates  AC,  FG,  to  have  the  Two  Triangles 
ABC,  FBG,  and  the  Trapezium  AFGC.  I  fay,  That  the 
Center  of  Gravity  of  that  Trapezium,  and  that  of  each  of 
the  faid  Triangles  is  in  the  Diameter  BD^ 

D  E- 
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demonstration. 

Becaufe  the  Safes  AC,  FG,  of  the  Triangles  ABC,  plate  20; 
FBG  are  each  divided  into  Two  equal  parts  by  the  Diameter  loi, 
BD,  the  Center  of  Gravity  of  each  of  thole  Triangles  will 
by  Prop.  3.  be  in  the  Diameter  BD«  Which  is  one  of  the  Two 
'Things  to  be  demonjlrated.  Becaufe  AC,  FG,  the  Two  Op- 
pofite  and  Parallel  (ides  of  the  Trapezium  AFGC  will  be 
divided  each  into  Two  equal  parts  by  the  Diameter  BPD, 
the  Center  of  Gravity  of  this  Trapezium  or  Trapezoid 
AFGC  will  by  Prop.  5.  be  in  the  faid  Diameter  BD.  Whieh 
was  left  to  btjiemonfrate'd, 

COROLLARY. 

It  I  s  evident  from  this  Propofition,  that  the  Re£lIIÂneaî  Figure 
AFBGC,  which  arifes  from  the  great  Number  of  Ordinates 
to  the  Diameter  BD,  has  alfo  its  Center  of  Gravity  in  the 
Diameter  BD,  becaufe  that  ReOiilineal  Figure  is  made  up  of 
Triangles  and  Trapezia,  all  which  Figures  have  their  Centers 
of  Gravity  in  the  Diameter  BD. 

Whence  it  follows,  th?.t  the  more  Ordinates  are  drawn  in 
the  Conick  Seftion,  the  more  (ides  will  this  Rcftilineal  Figure 
have,  and  confequently  it  will  come  nearer  and  nearer  to 
the  Conick  Section,  infomuch  that  it  will  be  equal  to  it  when 
the  Number  of  the  Ordinates  becomes  Infinite  :  And  as  this 
Figure  has  always  its  Center  of  Gravity  in  the  Diameter  BD; 
what  has  been  already  demonftrated  muft  needs  follow,  njiz. 

That  the  Conick  Section  ABC  has  alfo  it  Center  of  Gravity 
in  the  Diameter  BD. 

PROPOSITION  XIV. 

THEOREM.  N 

The  Centers  of  Gravity  of  any  Two  Tar  abo/as  divide 
likewife  their  Diameters, 

j  .  * 

TO  demonflrate  that  in  any  Two  Parabola’s  of  the  fame 
Kind  the  Centers  of  Gravity  divide  the  Diameters  ; 
it  will  fufïice  to  make  the  Con(l:ru£lion  in,  and  to  Reafon 
concerning,  One  Parabola  ;  and  the  Conclufions  will  agree 
with  any  other  Parabola. 

On  AC,  Ordinate  to  the  Diameter  BD  of  the  Parabola 
ABC,  deferibe  the  Triangle  ÂBC,  and  divide  the  fides  AB, 

BG 
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PUti  20.  each  into  Two  equal  part?  at  H,  I,  to  draw  the  line  HI* 
jP)V  1 01.  Draw  befides,  thro’  the  points  H,  I,  the  lines  FK,  GI,  parallel 
to  the  Diameter  BD,  and  joyn  FG,  and  the  Four  AF,FB,BG, 
GQ  Take  HL  equal  to  the. third  part  of  HF,  and  likewife 
®  10  equal  to  the  third  part  of  IG,  and  laftly,  DQ  equal  to  the 

third  part  of  BD  to  have  at  L  the  Center  of  Gravity  of  the 
Triangle  ABF,  at  O  that  of  the  Triangle  CBG,  and  at  Q 
•  that  of  the  Triangle  ABC  ;  and  the  point  M  will  be  the  com¬ 
mon  Center  of  Gravity  of  the  Two  Triangles  ABF,  CBG? 

.  Wherefore  the  common  Center  of  Gravity  of  the  Three  Tri¬ 
angles  ABF,  ABC,  CBG,  or  the  Center  of  Gravity  of  the 
Pentagon  AFBGC  will  be  in  the  line  MQ,  hy  Prop.  13.  and 
to  find  it.  MQ  mufl:  be  divided  at  R  in  fuch  manner,  that  the 
Sum  of  the  Triangles  ABF,  CBG  :  may  be  to  the  Triangle 
ABC  :  :  reciprocally  as  QR?  is  to  RM,  and  the  point  R  will 
be  the  Center  of  Grav^ity  of  the  Pentagon  AFBGC.  If  the 
fame  Operation  be  perform’d  in  any  other  Parabola,  one  may 
in  Either  reafon  thus. 

By  the  Property  of  the  Parabola,  the  Square  of  AD  ;  is  to 
the  Square  of  EF  or  KD  its  equal  :  ;  as  BD  ;  is  to  BE  ;  and 
becaufe  AD  is  Twice  KD,  the  Square  of  AD  will  be  Four 
times  the  Square  of  KD,  and  confequently  the  line  BD  will 
alfo  be  Four  times  the  Line  BE. 

Becaufe  AD  is  Twice  KD,  fo  alfo  muft  AB  be  Twice  BH, 
and  confequently  the  Line  BN  will  be  Twice  BE.  Whence 
it  is  eafy  to  conclude,  that  the  Two  lines  BE,  EN,  are  equal 
to  one  another  ;  and  that  EN  as  well  as  BE,  is  the  fourth 
part  of  BD; 

Becaufe  MN  is  the  third  part  of  EN,  and  that  EN  is  the 
fourth  part  of  BD,  it  follows,  that  MN  is  the  Twelfth  part 
of  BD,  to  which  if  you  add  ND  the  Half  of  BD,  you  will 

7 

have  MD  equal  to  of  BD,  and  confequently  BM  equal  to 
5  12 

of  BD  :  and  if  from  MD  you  take  away  DQ  equal  to 
12 

the  third  part  of  BD,  the  Remainder  will  be  MQ  equal  to 
the  fourth  part  of  BD.  Thus  the  Three  lines  B  E,  EN,MQ, 
are  equal. 

If  the  line  BT  be  drawn  parallel  to  the  Ordinate  EF,  and 
meets  the  line  FH  produc’d,  at  T  ;  it  will  eafily  be  knowm, 
that  as  the  Twm  lines  EB,.EN  are  equal,  fo  alfo  will  FT,  and 
FH  be  equal  to  one  another,  and  confequently  the  Triangles 
FBT,  FBH,  be  likewife  equal.  Whence  it  follows,  that  the 
TriangleBTH,  or  its  equal  AKH,  is  double  theTriangleBFH: 
and  becaufe  the  Triangle  AFB  is  alfo  double  theTriangleBFH, 
by  reafon  of  the  Bafe  AB,  which  is  doublé  the  Bafe  BH,  it 

foL 
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follows  that  the  Triangle  AKH  is  equal  to  the  Triangle  ABF:  . 
and  befides,  becaufe  the  Triangle  AKH  is  the  fourth  part  of  p  - 
the  Triangle  ADB,  fince  the  Bafe  AD  is  double  the  Bafe  AK, 
and  the  Height  BD  double  the  Height  KH,  it  follows  alfo, 
that’the  Triangle  ADB  is  Four  times  the  Triangle  ABF,  and 
confequently  that  the  whole  Triangle  ABC  is  Four  times 
the  Sum  of  the  Two  equal  Triangles  ABF,  CBG.  Whence 
it  follows,  that  the  line  MR  is  Four  times  the  line  QR,  be- 
caufe  their  Ratio  is  equal  to  the  Ratio  of  the  Triangle  ABC, 
to  the  Sum  of  the  Two  ABF,  CBG.  Wherefore  if  MQ  be 
divided  into  Five  equal  parts,  the  Line  QR  will  be  one  of 
them,  and  the  line  MR  Four  :  and  becaufe  QM  is  one  Quar¬ 
ter  of  BD,  the  line  BD  will  have  Twenty  parts,  fo  that  QR 

1  I 

will  be  >-<  of  BD,  and  MR  ^  of  the  fame  BD. 

20  51 

If  to  the  line  QR  equal  to  of  BD,  be  added  DQ 

I  2o  I 

which  is  of  BD,  and  to  MR  equal  to  of  BD  be  added 
is  5  n 

BM  equal  to  of  BD;  you  will  have  DR  equal  to  of 

12  37  60  ^ 

ED,  and  BR  equal  to  of  BD.  Thus  you  fee  that  BR;  is 

60 

toRD  ::  as  37:  to  23,  which  wdll  be  demonflrated  after 
the  fame  manner  in  all  other  Parabola’s  of  the  firft  Kind, 
fuch  as  is  that  which  we  fpeak  of  here,  and  it  muft  always 
be  underftood  fo,  when  we  ufe  the  Word  Parabola  alone. 

Since  then  the  Center  of  Gravity  R  of  this  Reftilineal 
Figure  AFB  GC  divides  likewife  the  Diameter  of  each  Para¬ 
bola,  it  will  alfo  divide  the  Diameter  in  a  Reâilineal  Figure 
of  more  fides,  and  confequently  in  a  Reftilineal  Figure  of 
I  an  infinite  Number  of  fides,  in  which  cafe  it  will  be  the 
fame  with  a  Parabola,  and  therefore  its  Center  of  Gravity 
muft  needs  be  the  fame  as  the  Center  of  Gravity  of  a  Para- 
bola  ;  that  is,  the  point  R  will  coincide  with  P  the  Center 
I  of  Gravity  of  the  Parabola,  which  confequently  divides  the 
Diameter  BD  proportionally.  ^E.D.  > 

COROLLARY. 

From  what  has  been  faid  it  follows,  That  if  once  the  Center 
:  of  Gravity  of  one  Parabola  be  found,  it  will  be  eafy  to  find 
:  out  that  of  another  Parabola  of  the  fame  Kind  ;  becaufe  it 
i  always  divides  the  Diameter  into  Two  parts  which  are  Pro- 
t  portional.  What  remains  then  is  to  ihew  how  to  find  the 
'  Center  of  Gravity  of  a  Parabola, 


PRO- 
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PROPOSITION  XV. 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  a  given  Tarahola, 

TO  find  P  the  Center  of  Gravity  of  the  Parabola  ABC, 
whofe  Bafe  is  AC  Ordinate  to  the  Diameter  BD;  it 
will  fuffice  to  find  out  what  Proportion  .BP,  and  DP  bear  to 
one  another,  becaufe  it  is  the  fame  in  all  Parabola’s,  hy  Pro-p:!^. 

Make  a  Conftruftion  like  the  former,  except  that  the  Points 
L,  O,  mufl:  be  the  Centers  of  Gravity  of  the  Two  Parabola’s 
AFB,  CGP,  whofc  commoh  Center  of  Gravity  will  confe- 
quently  be  in  the  point  .?Vl.  Then  draw  ES  equal  to  the 
third  part  of  BE,  or  of  EN  its  equal. 

This  being  done  and  fuppos’d,  it  is  plain  Ero/;.  ,14.  that 
the  Diameter  BD,  FG,  of  the  Two  Parabola’s  ABC,  AFB, 
have  the  fame  Ratio  to  one  another  as  PD  and  LH  ;  and  as  it 
has  been  demonftrated  that  BD  is  Four  times  EN,  or  FG  its 
equal  ;  it  follows  that  the  part  PD  is  alfo  Four  times  LH,  or 
MN  its  equal  ;  and  that  the  other  part  BP  is  alfo  Four  times 
the  other  part  LF,  or  ME  its  equal,  which  being  taken  from 
BP,  there  will  remain  the  Two  lines  BE,  MP,  which  being 
taken  together  are  the  Triple  of  EM  ;  and  becaufe  ES  is  the 
third  part  of  EN,  or  of  EB  its  equal,  you  will  have  MS 
equal  to  the  third  part  of  PM,  becaufe  of  the  equal  lines 
EB,  EN,  and  EM  equal  to  the  third  part  of  BE  +  MP.  Since 
thenBD  is  Four  tirnes  BE,  and  BE  Three  times  ES,  the  line  BS 
will  be  the  third  Part  of  BD  ;  and  becaufe  DQ  is  alfo  the  third 
part  of  BD,  the  lines  DS,  SQ,and  QD  mufi:  needs  be  eqhal. 

Since  then  P  is  the  Center  of  Gravity  of  the  Parabola  ABC, 
Q  that  of  the  Triangle  ABC,  and  M  the  common  Center,  of 
Gravity  of  the  Two  Parabola’s  AFB,  BGC,  the  diftance  QP; 
will  be  to  the  difiance  PM  ::  reciprocally  as  the  Sum  of  the 
Two  Parabola’s  AFB,  BGC  :  to  the  Triangle  ABC.  But  be¬ 
caufe  that  Sum  is  the  third  part  of  the  Triangle  ABC  by  rea- 
fon  of  the  Ratio  of  the  Triangle  ABC  to  the  Parabola  ABC, 
which  is  as  3  to  4,  as  it  is  eafy  to  know  by  what  has  been 
faid  in  our  Treatife  of  Geometry,  it  folio  v.'s  that  the  difiance 
QP  is  the  Third  part  of  the  diftance  PM.  But  it  has  been 
demonfirated  before  that  MS  is  the  third  part  of  PM;  there¬ 
fore  the  line.s  QP,  and  MS  arc  equal.  -  ' 

'Thus  to  find  the  Center  of  Gravity  P,  of  the  Parabola 
ABC,  yon  need  only  to  make  QP  equaf  to  MS.  Now  to  find 
what  Pxoportion  BP  and  PD  bear  to  one  another,  one  muft 
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confider  that  fincc  MP  is  Three  times  QP,  or  MS,  the  whole  plate  2©î 
MneQS,  or  QD  its  equal,  will  beFive  times  the  line  QP:  and  pig.  loi,. 
becaufe'the  line  DQ  is  the  third  part  of  BP,  it  follows,  that 

/  ■  J  -  V  ■ 

PQ  is  equal  to  of,  BD,  to.,which  line  PQ  if  DQ  the  third 
15  '  2 

part  of  BD  be  added,  you  will  have  DP  equal  to  of  BD, 

3  ,5^ 

and  confequently  BP  equal  ^  of  BD.  Thus  you  lee,  that 

4  •  .  --v  5  .  4  -  '  ^  r 

thè.,part  BP  ;  is  to  the  part  PD  :  :  as  3  :  is  to  2.  Whciicfe  ^^t 
draw  this  General  Method  to  find  the  Center  of  Gravity  of  a 
given  Parabola.  Din/ide  the  Diameter  of  the  given  Parahola- 
into  Five  equal  parts,  and  take  Three  from"' the  Top,  or  Two  from 
the  Bafe^  and  j ou  wiU  hanfe  the  Center  of  Gravity  of  the  propos'd 
Parabola. 


P  R  O  P  O'S  I  T  I  O  N  XVL 

P  ROB  L  EM. 


't 


How  to  find  the.  Center  of  Gravity ^  of,  a  Parabola 
truncata.  .. 

WE  cûl  Parahola  tfuncdtaç  a  part  of  a  Parabola  which  is 
terminated  by  Two  parallel  lines,  as  AFGC,.»  whofc 
Two  lines  AC,  FG,  are  divided  ,into  Two  equal  parts  by 
the  Diameter  BD  of  the  whole  Parabola  ABC.  We  may, 
on  that  Diameter  BD,  find  the  C4nter  of  Gravit)  of  the 
Parabola  truncata  AFGG,  having  by  Prop.  ly,  found  the- 
Center  of  Gravity  V  of  FBG  the  Parabola  added,  and  P 
the  Center  of  Gravity  of  the  great  Parabola  ABC  ;  by  finding 
a  fourth  Proportional  to  the  Parabola  truncata  AFGC  :  the 
Parabola  which  is  added  FBG::  and  the  line  VP:  which 
will  be  PX,  and  the  point  X  will  be  the  Center  of  Gravity  - 
of  the  Parabola  truncata  AFGC,  as  it  is  plain  by  Prop.  7^ 

Sebf  I. 

SCHOLIUMS 


One  may  more  cafily  find  this  Center  of  Gravity  X,.  if  îrî- 
ftead  of  the  Two  firft  Terms  of  the  for  egoing  Analogy,  (vix,. 
the  Parabola  truncata  AFGC,  and  the  Parabola  which  was 
added  FBG,)  you  Ihou’d  Subftitute  the  Triangles,  ADB, 
FEB:  and  the  Triangle  .,FEB  which  arc  in  the  fame  R/»  70; 
Orelfci  without  lengthning  or  finilhing  th'd  Parabola  Crun'-; 
cata  AFGC,  one  may  inftçad  of  the  Two  foregoing  Terms, 

Ï  Sub* 
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Subftitute  the  difFcrence  of  the  Cubes  of  the  Two  Ordinates 
AD,  EF  ;  and  the  Cube  of  the  Ordinate  EF,  which  are  like- 
wife  in  the  fame  &c, 

^  PROPOSITION  XVII. 

THEOREM. 

//  a  Circle  he  deJcrWd  about  an  EUipJis  and  any  Ver^ 
pendicular  be  drawn  to  the  great  the  Seg- 

'  ments  of  the  Circle  and  thofe  of  the  ElUpfis  will 
have  the  fame  Center  of  Gravity» 

I 

Plaie  21. '\  Say,  That  if  thro’ the  point  Z  taken  at  pleafure  on  AC 
Fig.  102.  A  the  great  Axis  of  the  Ellipfis  ABCD,  the  Perpendicular  FG 
o  be  drawn,  which  determines  the  Segment  of  the  Ellipfis 

HCI,  and  FCG  the  Segment  of  the  Circle  defcrib’d  round 
the  Diameter  AC  j  thofe  T wo  Segments  have  the  fame  Cen¬ 
ter  of  Gravity. 

PREPARATION. 

Divide  the  Arch  FCG  into  any  Evenly  even  Number  of  equal 
parts,  as  for  Exa?nplej  into  Eight,  at  the  points  KLMCNOP, 
to  inlcribe  a  Polygon  in  it,  and- joyn  the  oppofite  points 
equally  diftantfrom  the  lineFG,  by  the  lines  KP,  LO,  MN, 
which  will  give  on  the  Ellipfis  the  points  B,  Q,  R,  S,  T,  D, 
to  have  in  the  Ellipfis  another  Polygon  of  as  many  fides. 

»  Produce  the  Four  lines  LM,  QR,  ON,  TS,  till  they  cut  one 
another  in  the  fame  point  of  the  Axis  AC  produc’d  as  far  as 
It  will  be  needful,  as  to  Y  ;  which  will  happen  becaufc  of  the 
‘Two  lines  MR,  RX,  which  are  equal  to  the  Two  NS,'  SX, 
afid -proportional  to  the  Two  LQ,  QV,  which  Two  lafl:  are 
equal  to  OT,  TV,  as  it  is  evident  by  what  has  been  faid 
concerning  the  Ellipfis  in  our  Treatife  of  Geometry. 

•  '  DEMONSTRATION. 

Having  made  this  Preparation  it  will  be  eafily  known  that 
the  Two  Ifofceles  Triangles  MCN,  RCS,  having  the  fame 
Height  CX,  have  the  fame  Center  of  Gravity  ;  beçaufe  it 
can  only  be  in  CX  the  common  Height,  which  divides  the 
Bafes  MN,  RS  into  Two  equal  parts.  One  may  after  the 
fame  mànner  know  that  the  Two  Triangles  LYO,  QYT, 
have  the  fame  Center  of  Gravity,  as  well  as  the  T wo  MYN, 
RYS.  One  may  alfo  know  that  the  Two  Trapezoids 
LMNO,  QRST,  have  the  fame  Center  of  Gravity  ;  for  fince 
the  Two  Triangles  LYQ,  QYTj  have  the  fame  Center  of 

Gra- 
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Gravity,  if  from  them  betaken  the  Two  Triangles  MYN, 
RYS,  which  have  alfo  the  fame  Center  of  Gravity,  the  re-, 
mainders  which  are  the  Trapezoids  LMNO,  QRST,  will 
have  the  fame  Center  of  Gravity,  as  alfo  the  Two  KFGP, 
HBDI.  Whence  it  is  eafy  to  conclude,  that  a  Polygon  in- 
fcrib’d  in  a  Circle  has  the  fame  Center  of  Gravity  as  a  Poly- 
.  gon  infcribM  in  an  Ellipfis.  §l^E.  D. 

But  if  you  conceive  the  Arch  FCG  to  be  divided  into 
an  infinite  Number  of  equal  Parts,  the  Corrcfpondent  pare 
of  the  Ellipfis  will  be  alfo  divided  into  an  infinite  Number 
of  parts,  and  in  fuch  a  cafe  the  Polygon  of  the  Circle  will 
be  equal  to  the  Segment  of  the  Circle,  and  .the  Polygon  of 
the  Ellipfis’will  be  equal  to  the  Segrnent  of  the  Ellipfis  ;  And 
as  we  have  juft  demonftrated  that  thefe  Two  Polygons  have 
the  fame  Center  of  Gravity,  it  follows,  that  thofe  Two  Seg¬ 
ments  have  alfo  the  fame  Center  of  Gravity,  as  well  as  the 
Circle  and  the  Ellipfis.  ^  E.  D. 

A  Letter  from  the  Reverend  Father  Nicholas^  of  the 
Society  of  Jefus,  to  the  Author. 


Touloufs.Jnne  ifi.  i6gi. 

SIR, 

Your  Letter  of  the  5th  of  laft  Month  came  fafe  to 
my  hands  :  I  am  oblig’d  to  You  for  all  the  Civilities 
in  if,  but  efpecially  return  You  Thanks  for  the  kind  ofîêr 
that  You  make  me,  to  take  care  of  my  Books,  if  I  have  ’em 
Printed  at  Paris.  It  is  a  Favour  which  I  have  not  deferv’d, 
and  befides,  I  know  how  precious  Your  Time  muft  needs 
be.  How  is  it  pofllble  that  You  fliould  be  but  Eight  Months, 
about  Your  excellent  Diftionary  ?  It  is  a  prodigious  Work, 
which  I  think  might  very  well  take  up  Two  Years.  I  never 
faw  either  Slucius*s  Mefolabus,  Wallis's  Mechanicks  ^  or  the 
Englifh  Commercium  Epijiolicum  ;  I  believe  I  fliall  find  the  laft: 
Book  in  Mr.F^m^^’s  Library,  becaufe  that  great  Mathema¬ 
tician  his  Father,  whom  doubtlefs  You  know,  did  fornetimo^ 
ago  furnifli  Matter  for  part  of  that  Book.  Lll  fee  what  he 
has  concerning  the  Conchoid  ;  and  fince  Slucius  md  Wallis 
fpeak  of  it  but  lightly  and  fuccinftly,  as  You  fent  me  word,, 
I  find  that  what  I  have  wrote  about  ic  is  quite  different  from 
what  they  have  done.  My  Work,  which  is  divided  into/ 
Three  Books,  is  already  finifh’d.  In  it  I  treat,  not  only  of, 
the  Conchoid  of  NicomedeSy  which  is  the  only  one  that  has, 
been  known  hitherto;  but  of  all  the  other  Conchoids, 
which  may  be  made  by  other  Figures,  as  by  the  Triangle,^ 
the  Ellipfis,  the  Parabola,  the  Hyperbola,  &s.  I  examine: 
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‘aH  their  Tangents,  their  Quadrature,  the  Solids  which  are 
‘  made  as  well  round  the  Axis,  as  round  the  Bafc,  and  round 

*  the  Center  of  Gravity.  Among  other  things,  Ï  have  de- 
‘monftrated  that  fine  .  Propolltion,  which  Father 

‘  has  advanc’d  in  the  fécond  Appendix  of  his  Cycloid  with- 
‘out  giving  the  Demonftration  of  it;  and  where  he  fays, 
‘that  the  Quadrature  of  the  Conchoid  of  Nkomedes  de-, 
‘pends  upon  the  Quadrature  of  the  Circle,  and  that  of  the 
‘Hyperbola.  I  fhould  join  to  this  Treatife  of  Conchoids 
‘  another  of  CilToids,  where  I  treat  not  only  of  the  Dioclean, 
‘  which  is  the  Cifibid  of  the  Semi-circle,  and  concerning 
‘  which  I  have  made  feveral  fine  Difcoveries,  but  alfo  of  the 
‘  Ciflbids  which  may  be  form’d  by  other  Figures.  I  join 
‘thofe  Two  Treatifes  together,  becaufe  of  the  wonderfiil 
‘  Affinity  that  I  have  difcover’d  betwixt  the  Conchoids  and 

*  the  Cifibids,  fo  that  the  fame  Principles  have  ferv’d  me’  for 
‘  both.  I  take  k'Fal/is  to  be  the  Perfon  who  has  fpoke  more  at 
‘large  concerning  the  Cifibid  in  a  Book  which  he  Writ  de 

*  Cy chide,  &c.  Printed  it  Oxford,  in  1^59.  But  I  have  gone 
‘  much  beyond  what  that  Book  mentions. 

‘  I  come  now  to  the  Queftion  that  you  propos  d  to  me 
‘  concerning  the  Zones  of  the  Hemifphere,  of  the  Semi- 
‘fphæroid  and  of  the  Cylinder.  As  for  thofe  of  the  Hemi- 
‘fphcre  and  of  the  Cylinder,  it  is  evident  that  they  are  equal, 

‘  and  it  may  be  eafily  demonftrated,  becaufe  the  Surface  of 
‘  the  Hemifphere  being  equal  to  the  Surface  of  the  circum- 
‘  ferib’d  Cylinder  (taking  aA^ay  the  Bafes^  and  the  parts  of 
‘  the  Hemispherical  Surface,  as  w^ell  as  the  parts  of  the  Sur- 
‘  face  of  the  Cylinder,  being  to  one  another  as  the  parts  of 
‘the  Axis  ;  it  follows,  that  the  Zones  of  the  Hemifphere, 
‘and  thofe  of  the  Cylinder,  are  equal  to  one  another.  I 
‘  need  not  fay  any  more  to  You  about  this,  becaufe  it  is  not 
‘  properly  what  You  ask,  and  You  fay  that  it  has  already  been 
‘  created  of  But  You  would  have  it  demonfrrated,  that  the 
‘Zone  of  the  Semi-fpheroid  is  alfo  equal  to  the  Two  other 
‘  Zones  ;  to  wmich  I  anfwer,  that  it  can’t  be  demonftrated  ; 
‘becaufe  the  Zone  of  the  Semi-fpheroid  is  lefs  than  the 
‘  other  Two.  For  to  make  ufe  of  the  Figure  that  You  have 
‘  fent  me,  I  fay  that  the  Zone  AMNB  of  the  Semi-fpheroid 
‘  is  lefs  than  the  Zone  AKLB  of  the  Cylinder. 

Plate  ‘Taking  GD  the  greateft  Semi-Axis  of  the  Ellipfis  ADB 

Fig.  108.*^^*^  Radius,  I  deferibe  the  Quadrant  GDP.  From  the 
point  BI  draw  the  Perpendicular  BO,' w’hich  meets  the  Arch 
‘  DP  at  the  point  O.  Let  GQ  be  a  third  Proportional  to  the 

*  Twm  BO,  GD,  Let  the  line  GP  be  produc’d  to  R,  in  fuch 
‘  manner  that  GR  may  be  equal  to  the  whole  Circumference 
‘of  the  Circle  ACB.  If  you  conceive  the  fourth  part  of  an 

Ellipfis 


io8 


jliec-hcLntch-j  ThvùL  ,FcLfie^  ^3^- 


I 

» 

! 

i 


Chap.IH.  Seair.  Of  STATICKS.  m 

‘  Ellipfis  GQR,  whofe  Center  is  G,  and  which  goes  thro* 

‘  Q,  R  ;  I  fay.  That  the  line  MN  being  produc’d  fo  far  that 
it  may  meet  that  Ellipfis  at  S  ;  GVSR,  the  Segment  of  the 
‘  ElHpfis  is  equal  to  the  Zone  AMNB. 

‘  I  have  demonftrated  this  Propofition  in  a  Treatife  which  ^i^te  22; 

*  I  have  wrote  de  Superjiciebus  Rotundis^  which  I  fliall  fome  jQg^ 
‘'Time  or  other  publiOi.  I  do  not  fend  you  this  Demon- 

‘  ftration,  becaufe  it  depends  upon  a  great  many  Principles, 

*  and  I  fliou’d  be  oblig’d  to  write  out  a  great  Parc  of  the  Trea.- 
‘  tile,  but  you  may  take  it  upon  my  Word  ;  for  I  have  read 
‘  my  Book  over  again  to  be  the  more  certain  of  it,  and  I  have 

*  found  the  Demonftration  very  iuft  and  exaft,  and  conform- 
‘  able  to  what  Mr.  Hugens  has  faid  concerning  the  Conoid  and 
‘  Spheroid  Surfaces  in  his  Book  de  Horologia  OfciHatorio^  Pag. 

‘  75.  ô'  Seqq.  and  Wallisivit\it  foremention’d  Book  Cycloide, 

‘  &:c.  Pag.  98.  &  Seqq.  tho’  my  Method  is  very  different  from 

‘  Wallis's  :  As  for  Mr.  Hagens' s  Manner,  he  has  not  publifh’d  ^ 

*  it.  Now  this  Propofition  being  fuppos’d,  it  is  not  hard  to 

*  Ihew,  that  the  Zone  AMNB  is  lefs  than  the  Cylindrical  Zone 

*  AKLB.  For  the  Cylindrical  Zone  is  equal  to  a  Reftangle  • 

‘  whofe  Height  is  AK,  or  GV,  and  whofe  Bafe  is  equal  to  the 

‘  Circumference  of  the  Circle  ACB.  It  is  then  equal  to  the 
‘  Reftangle  GVTR.  The  Reftangle  GVTR  therefore  being 

*  greater  than  the  Elliptical  Segment  GVSR,  which  is  equal 
‘  to  the  Zone  AMNB  ;  it  follows,  that  the  Cylindrical  Zone 
‘AKLB  is  greater  than  the  Zone  of  the  Semi-fpheroid  AMNB. 

‘You  are  much  in 'the  right,  Sir,  to  fay  that  this  Pro- 
‘  pofition  concerning  the  Equality  of  the  Zone  of  the  Semi- 

*  fpheroid  to  the  other  Two  Zones  wou’d  be  of  great  Ufe  ; 

‘  for  if  it  was  true,  we  fhou’d  have  the  Quadrature  of  the 
‘  Circle  as  it  is  eafy  to  demonftrate. 

‘  Let  the  Quadrant  GOX  be  drawn  with  the  Radius.  GQ, 

*  and  cut  by  the  Line  VS  at  Z  It  is  plain  that  the  Elliptical 
‘  Segment  GVSR  :  is  to  GVZX  the  Segment  of  the  Circle:: 

‘  as  GR;  is  to  GX  (Archim.  Prop.  6.  de  Conoid.)  Now  GR  is 
‘equal  to  the  Circumference  of  the  Circle  ACB  GVSR 
‘therefore  (which  is  tlie  Elliptical  Segment)  being  equal  to 
‘  the  Zone  AMNB,  as  we  have  faid,  if  that  Zone  were  equal 
‘  to  the  Cylindrical  Zone  AKLB,  which  may  be  reduc’d  to  a 
‘  Circle,  it  wou’d  follow,  that  a  known  Circle  :  wou’d  be 
‘  to  the  Circular  Segment  GVZX::  as  the  Circumference  of 
‘the  Circle  ACB  :  is  to  the  known  Rightdine  GX,  and  thus 
‘  wou’d  the  Circular  Segment  GVZX  be.fquar’d,  which  wgu'd 
‘  be  fufficient  for  the  fquaring  of  the  Circle.  ”  But  as  the 
‘  Spheroidical  Zone  is  nor  equal  to  the  Cylindrical  Zone,  the 

*  Quadrature  of  the  Circle  is  ftill  to  feek. 
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Since  you  feem  defirous  to  know  what  Method  I  make  ufe 

*  of  to  find  the  Center  of  Gravity  in  Mr.  Tfchirnhaus^s  Figure, 
‘you  will  find  it  in  the  Paper  inclos’d,  which  I  have  left  in  ’ 
‘Latin,  becaufe  I  copied  it  from  a  Latin  Treatife,  which  I 

‘  compos’d  lately  upon  this  Figure.  I  believe  you  won’t  be 
‘  dilTatisfied  with  it. 

‘  If  I  can  be  ferviceable  to  You  in  any  thing,  I  beg  You 
‘  would  employ  me  ;  I  lhall  think  it  an  Honour  to  oblige 

*  You,  and  take  a  particular  Satisfaftion  in  it.  Permit  me 
^  alfb  to  delire  the  Favour  of  your  Friendlhip,  which  I  hope 
**  You  will  not  lefufe  to  him  who  is  fincerely 

Tours  y  6c  C. 

Methodus  ad  inveniendum  Centrum  gravitatis  in 
nova  ^iÿadraîrice  Z).  Tfchirnhaus. 

*  T  ^ Sro  nova  Quadfatrix  ABCD  genita  ex  Quadrante  circuU 

ABCF,  fitque  punftum  G  Centrum  gravitatis  Figuras 
ABCD.  Ex  G  demittatur  in  BC  perpendicularis  GH.  Dicb 
‘BH  elTe  æqualem  quartæ  parti  arcus  Quadrantis  AEC. 

‘  Compleatur  Quadratum  BF,  fitque  Quadrati  BF  Centrum 
‘gravitatis  I,  8c  per  I  demittatur  in  BC  perpendicularis  IK. 

‘  Omne  Solidum  Rotundum  genitum  ex  converfione  ali- 
‘cujus  Figuræ  circa  lineam  reftam  sequatur  Solido  refto 
‘  cujus  bafis  eft  ipfa  Figura,  altitude  autem  æqualis  viæ  Rota- 

*  tionis,  five  circumferentiæ  deferiptæ  à  Centro  gravitatis  in 

*illa  Rotatione  Figuræ  (ex  principio  general!  quod  traditum 
‘eft  a  in  Centrobaricis,  &  demonftratum  à  Tuc(fueto 

‘Lib.  $.  Cylindricorum  8c  Annularium.)  Ergo  Solidum  ro- 
‘  tundum  genitum  ex  converfione  Figuræ  ABCD  circa  AB, 
‘aequatur  Solido  refto,  cujus  Bafis  eft  ipfa  Figura  ABCD, 

*  altitude  autem  æqualis  circumferentiæ  Radii  BH  ;  8c  Cylin- 
‘°der  genitus  ex  converfione  quadrati  BF  circa  eamdem  AB, 

‘  acquatur  Cylindro  re£Vo,  cujus  bafis  eft  ipfum  quadratum 
‘BF,  altitudo  autem  æqualis  circumferentiæ  Radii  BK.  Igitur 
‘Rotundum  genitum  ex  Figura  ABCD:  fe  habec  ad  Cy- 
‘lindrum  genitum  ex  Quadrate  BF;:  ut  Solidum  return, 
‘cujus  bafis  Figura  ABCD,  altitudo  circumferentia  Radii 
‘  BFIi  ad  Solidum  reftum,  cujus  bafis  Quadratum  BF,  altitudo 
‘  circumferentia  Radii  BK.  Solida  autem  refta  funt  inter  fe 
‘  in  Ratione  compofita  bafium  8c  alritudinum.  Quare  Ro- 
‘  tundum  ex  Figura  ABCD  eft  ad  Cylindrum  ex  Quadrato 
‘BF,  in  Ratione  compofita  Figuræ  ABCD,  ad  Quadratum 
‘  BF,  8c  circumferentiæ  Radii  BH  ad  circumferentiam  Radii 
‘  BK  Demonftratum  autem  eft  Figuram  ABCD  elfe  ad.  Qua- 
‘  dratum  BF,  ut  Radius  BC  eft  ad  arcum  Quadrantis  AEC  ; 

8c  circumferentia  Radii  BH  eft  ad  circumferentiam  Radii 
;  ,  .  ,■  ^  .■  ..  ,  ^  ‘BKp 
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‘  BK,  ut  ipfe  Radius  BH  eft  ad  Radium  BK.  Ergo  Rotundum 

*  ex  Figura  ABCD  :  eft  ad  Cylindrum  ex  Quadra  to  BF  ;  :  iu  ^  '• 
‘  Ratione  compodta  Radii BC  ad  arcum  Quadrantis  AEG, 

*  reftæ  BH  ad  reftain  BK;  fiv’^e  fefto  arcu  AEG bifarium,  inE,  ^ 

*  in  Ratione  compofita  dimidiæ  BG  ad  arcum  AE  Sc  BH  ad  BK. 

‘  Gum  autem  KI  tranfeat  ex  hypot.  per  Centrum  gravi- 
*tatis  QuadrariBF,  BK  eft  dimidia  ipBus  BC  ;  ErgoRotun- 

*  dum  ex  Figura  ABCD  ad  Cylindrum  ex  Quadrato  BF,  eft 
‘in  Ratione  compofita  ex  Rationibus  BK  ad  AE,  Sc  BH  ad 
‘BK,  five  in  Ratione  BH  ad  AE,  quæ  ex  illis  compofita  eft, 

‘  Demonftratum  eft  autem  idem  Rotundum  ex  Figura  ABCD 
‘  circa  AB  efte  ad  Cylindrum  ex  Quadrato  BF  circa  eandem 
‘  AB,  ut  I  ad  2.  Ergo  BH  eft  ad  arcum  AE,  ut  i  ad  2  r  & 

‘  cum  arcus  AE  fit  dimidia  pars  arcus  Quadrantis  AEC,  BH, 

‘eft  ad  arcum  Quadrantis  AEC,  ut  i  ad  4.  êlmderat  demon» 

*  jirandum. 

‘  Hinc  habemus  determinatam  diftantiam  G  Centri  gravi- 
*tatis  Figuræ  ABCD  à  refta  AB  :  fed  paulo  difficilius  eft  de- 
‘terminare  diftantiam  ejufdem  Centri  gravitatis  à  re61:a  BC, 

‘  nec  poftumus  uti  Methodo  priori,  cum  ad  hue  ignotum  fit 
‘  Rotundum  ex  Figura  ABCD  circa  BC  rotata.  Alia  igitur 
‘  via  nobis  progrediendum  eft,  quam  fequentibus  Propofi- 
‘  tionibus  explicabimus. 

‘  Supponimus  primo  Principium  hoc  univerfale  ad  inve- 
‘  nienda  Centra  gravitatis  utilifiimum. 

‘Si  fit  quæcumque  Figura  plana  ABC  contenta  duabus 
‘  reftis  AB,BC,  angulum  reftum  comprehendentibu>.  Sc  linea 
‘  AGC  :  five  re£ta  five  curva  :  fint  autem  ex  fingulis  punftis 
‘F,  revise  AB,  ordinatæ  FG,  parallelæBC;  &  intelligantur 
‘  fingula  Segmenta  AFG,  AFG,  erigi  perpendiculariter  fupra  . 

‘  fingulas  ordinatas  FG,  FG,  Sc  Segmentum  ABC  erigi  fimi- 

*  liter  fupra  ordinatam  BC  ;  ex  hujufinodi  Segmentis  ita  ere- 
‘  ftis,  6c  infiftentibus  perpendiculariter  Plano  ABC,  confti- 
‘  tuetur  Solidum,  cujusbafis  eric  ipfa  Figura  ABC  erefta,  alri- 

*  tudo  autem  AB. 

‘  Dico  hujufmodi  Solidum,  quod  eft  fumma  Segmento- 
‘  rum  ere8:orum,  effe  ad  aliud  Solidum  re^tunf,  cujus  bafis 
‘  eft  ipfa  Figura  ABC  alcitudo  AB ,  ut  BX  refta,  eft  ad  re^lam 
‘  BA,  pofiro  quod  XY  reOra  parallela  BC  tranfeat  per  Cen- 
‘  trum  gravitatis  Figuræ  ABC. 

‘  Hoc  Principium  jam  demonftratum  eft  à  D.  Pafccil  Çwh 
‘  nomine  Dettonvîüe^  latentis  in  Traftatu  quern  edidic  deCy- 
.‘  cloide;  quod  enim  nos  vocamus  hie  fumrnam  Segmentorum 

*  AFG,  AFG,  apud  ilium  eft  fumma  Triangularis  eorundeni 

‘  Segmentorum  ;  quare  fuperfluum  eft  addere  aliam  cjiirdcm  i 
‘  Principii  demonftrationem  Geometricam,  quam  invenimus, 

‘  deduximufque  ex  Principio  Gnldini  fupra  pofico. 

I  4  *  Hinc 


c 
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ar*  ^  ‘  Hînc  autem  conftac  fi  figura  ABC  fupponatur  efie  nova 
104.  *  Quacîratrix  D,  Tfchirnhaus  &  fupponatur  XY  parallela  BC 

*  tranfire  per  ilHus  Centrum  gravitatis  Y,  ut  habeatur  Ratio 
*  *BX,  ad  BA,  ac  proinde  ipfa  JBX,  quærendam  efie  Rationem 

*  fummæ  Segmencorum  AFG,  AFG,  ABC,  ereftorum  fupra 

*  reftas  FG,  FG,  BC,  ad  Solidum  reftum,  cujus  bafis  eft  ipfa 

*  Figura  ABC,  altitude  autepi  AB.  Hanc  autem  rationem 

*  ex  Lemmatibus  fequentibus  cleducemus, 

LEMMA  I. 

\  v 

10^.  *  Efio  nova  Quadratrix  ABCE  genita  ex  Quadrante  cîrculi 

*  ABCI.  Ducatur  aiitem  iu  Quadratrice  qusecumque  ordinatà 

*  DE  parallela  BC,  &  ex  E  refta  El  parallela  AB  occurrens  ar- 
‘  ctüQuadrantisin  I:  fitque  IH  Sinus  reftu  s  arcus  AI,  aeproin- 
®  de  AH  Sinus  verfus  ejufdem  arcus.  Dico  Segmentum  ADE 
*€fle  ad  Quadratricem  ABCE,  ut  AH  eft  ad  Radium  AB. 

‘  In  Propofitione  quà  demonftravimus ,  Quadratricem 
'  ABCE,  efie  ad  Quadratum  circumfcriptum,  ut  Radius  AB, 
*efi  ad  arcum  Quadrantis  ;  Oftenfum  eft  Quadratricem 
‘  ABCE  efie  ad  fuperficiem  Hemifphæricam  genitam  ex  areu 
‘Qîjadrantis  AIC  in  Ratione  compofitâ  Radii  AB,  ad  arcum 
‘  Quadrantis  AIC,  &  Radii  circuli  ad  circumferentiam.  Eo- 
‘  idem  autem  plane  modo  oftendetur  Segmentum  Quadrantis 

*  ADE,  elfe  ad  portionem  füperfkiei  Sphæricæ  deferiptam  ab 
‘  areu  AT,  in  ratione  compofitâ  AD  ad  arcum  AI,  &  Radii 
‘  ad  fuam  circumferentiam.  Cum  ergo  Rationes  AD,  ad 
‘  arcum  AI,  tç  AB  ad  arcum  AIC,  fint  æquales  ex  pro- 

*  prietate  &  generationc  curvæ  AEC,  ac  proinde  fit  eadem  Ra- 
‘  tio  compofitâ  ex  Rationibus  AD  ad  arcum  AI,  &  Radii  ad 
‘fuam  circumferentiam,  quæ  componitur  ex  Rationibus  AB 
‘  ad  arcum  AIC,  &  Radii  ad  fuam  circumferentiam,  fequitur 
‘  Segmentum  ADE  efi*e  ad  portionem  fuperficiei  Sphæricæ  ge- 
‘  nitam  ex  areu  Aï,  ut  tota  Quadratrix  ABCE,  eft  ad  fuperfi- 
‘  ciem  Hemifphæricam  genitam  ex  areu  Quadrantis  AIC,  & 

‘  permutando.  Cum  igitur  portio  fuperficiei  Sphæricæ  genita 
‘  ex  areu  AI,  fit  .ad  fuperfîciera  Hemifphæricam  genitam  ex 
‘  areu  AIC,  ut  Sinus  verTus  AH  eft  ad  Radiumj  ut  conftat  ex 

*  Archîmede-i  Segmentum  ADE  eft  ad  Quadratricem  ABCE, 
«UC  AFI  ad  AB.  êluod  erat  demùnjîrandum. 

COROLLARIUM. 

‘  Hinc  fequitur,  du£lâ  alla  qnâciimqué  Ordinata  FG,  Sc  ex 

*  G,  GL  parallela  AB,atquc  ex  L,  LK,  Sinu  refto  arcus  AL, 

‘  Segmentum  ADE,  efie  ad  Segmentum  AFG,  ut  AH  Sinus 
‘  vérfus  arcus  Al,  eft  ad  AK  Sinu m  verfum  arcus  AL  :  qued 
‘facile  cülîigctiir  ex  Jquo,  comparando  utrumque  Segmen-’ 

‘  cum 
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‘  turn  ADE,  AFG,  cum  totâ  Quadratrice  ABCE.  Unde  Seg- 
‘  menta  Quadracricis  funt  femper  inter  fe  ut  Sinus  verfi  ar- 
‘cuum  Quadrantis  proportionalium  altitudinibus  Segmen- 

*  torum,  ,  >  ■ 

.  LEMMA  II. 

‘  Si  conclpîatur  Sinus  verfus  AH  âpplicari  in  D,  five  poni 
^  DM  æqualis  ipfii  ÂH,  ad  angulos  reftos  AB,  &  Sinus  verfus  » 
‘AK  appîicari  in  F,  live  poni  FN  æqualis  AK,  &  Sinus 
‘  totus  AB  appliçari  in  B,  five  poni  BO  iplî  æqualis,  &  ira 
applicentur  omncs  Sinus  verft  in  punftis  reftæ  AB,  in 
‘quibus  fecatur  proportional iter  cum  arcubus  illorum  Si- 
‘  nuum  vcrforum,  fîet  nova  Figura  ABO,  quæ  vocetiir  A*» 

*' gura  flana  Sîmium  fverforum^  '  '  J 

‘  Dico  hujufmodi  Figuram  planam  Sinuum  verforum  ABO 
‘elTe  ad  Reftangulum  BP  circumfcriptum,  ut  funima  Seg- 
‘  mentorum  ADE,  AFG,  ABC,  ereftorum,  eft  ad  Solidurn 
‘rcftum  circumfcriptum,  cujus  nimirum  balls  eft  ipfa  Fî- 
!  gura  ABCE  ereûa,  altitudo  autem  AB. 

‘  Nam  fumma  Segmentorum  ADE,  AFG,  6cc.  ereftorum 
‘  nihil  eft  aliud  quam  Solidum,  cujus  Seftiones  funt  ipfa  Seg^ 

*  menta  ADE,  AFG,  &c .  ercfta  perpcndiculariter  fupra  Dp, 
'FG,  &c.  ac  proinde  fibi  iplîs  parallela.  Hujufmodi  autem 

*  Segmenta  funt  femper  inter  fe  ut  Sinus  verll  AH,  AK, 

‘  (  Lem,  I.)  live,  ut  ipfis  æquales  DM,  FN.  Cum  igitur  Sè- 
‘  ûiones  Solid!  illius  lint  femper  proportionales  cum  Seftioni- 
‘;bus  Figuræ  planæ  ABO,  lîrque  eadem  diftantia  tam  inter 

*  Seftiones  Solidi,  quam  inter  Seftiones  Figuræ  planæ;  ex 
‘  Methodo  Indivilîbilium,  quæ  facile  etiam  reduci  poreft  ad 
‘  Methodum  Antiquorum,  Solidum  quod  eft  fumma  Segmen- 
‘  torum  ADE,  AFG,  6cc.  ereftorum,  eft  ad  Solidum  reftum 
'circumfcriptum,  cujus  nimirum  balls  eft  ipfa  Figura  ABCE 
‘  erefta,  altitudo  AB,  ut  Figura  plana  Sinuum  verforum 
'VABO ,  eft  ad  Reftangolum  BP  circumfcriptum,- 

*  demonjirandiim. 

COROLL  ARIUM. 

‘  Habebimus  igitur  fra8:ionem  Solidi ,  quod  eft  fumma 
‘  Segmentorum  ADE,  AFG  ere8:orurn,  ad  Solidum  reftiun 
‘  , circumfcriptum,  11  habeamus  Rationem  Figuræ  planæ  Si- 

*  nuum  verforum  ABO,  ad  Reflanguîum  BP  circiimfcrip-  / 
‘  turn  ;  banc  autem  ultimam  Rationem  Ijc  indagabimus. 


L  E  M- 
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LEMMA  III. 

Plate  11,  *  SÎ  întellîgantîir  finguli  Sinus  verfi  AH,  AK,  &c..engi 

Fig.  io5.‘  perpendiculariter  in  punftis  T,L,  &fupraarcum  Quadrantis 
j  ‘  AIC,  ex  illis  Sinubasita  ereftis  &  infiftentibus  perpendicu- 
‘  laritcr  fupra  arcum  AIC,  fiec  quædam  fuperficies  curva, 
*  *  cujus  bafis  erit  ipfc  arcus  AIC,  altitude  autem  AB,  vocetur 
‘  hxc  fuperficies  Figura  curva  Sinuum  verforum. 

‘  Dice  Figuram  hujufmodi  Curvam  Sinuum  verforum  efiè 
®  ad  fuperficiem  Cylindricam  circumferiptam,  cujus  bafis  eft 

*  arcus  Quadrantis  AIC,  altitudo  AB,  ut  Figura  plana  Si* 

*  nuum  verforum  ABO,  eft  ad  Reftangulum  circumferiptum 

*  BP.  ^ 

*  Ex  proprietate  Quadratricis  ABCE,  reeb  AB  fecatiir  in 

*  D,  F,  &c.  in  eadem  rationc  ac  arcus  AIC  in  I,  L,  Stc.  Cum 
‘  igitur  Ordinatæ  DM,  FN,  See.  fint  ex  hypothefi  æquales 
‘  Sinubus  verfis  AH,  AK,  &c.  qui  eriguntur  in  I,  L,  See.  ex 
‘  Methodo  Indivifibiliumfumma  Sinuum  verforum  AH,  AK, 

*  See.  ereftorum  in  I,L,  &c.  five  Figura  Curva  Sinuum  verfo- 
‘  rum,  eft  ad  fuperficiem  Cylindricam  circumferiptam  cujus 
‘  bafis  arcus  AIC,  altitudo  AB,  ut  Figura  plana  Sinuum  ver- 
‘  forum  ABO,  eft  ad  Reftangulum  BP  circumferiptum.  Quod 
‘  erat  demonftrandum. 

‘  Reftat  igitur  nobis  inquirenda  Ratio  quam  habet  Figura 
‘  curva  Sinuum  verforum  ereftorum  fupra  arcum  Quadrantis 
‘  ad  fuperficiem  Cylindricam  circumferiptam  ;  banc  autem 

*  habebimus  ex  Lemmate  fequenti. 

L  E  M  M  A  IV. 

*  Figura  Curva  Sinuum  verforum  ereSIorum  fupra  arcum 

*  Quadrantis:  eft  ad  fuperficiem  Cylindricam  çircumfcriptam, 

‘  cujus  bafis  eft  arcus  Quadrantis,  altitudo  vero  æqualis  Ra- 
‘  dio:;  ut  differentia  Radii  Sc  arcus  Quadrantis  :eft  ad  arcum 
‘  Quad  rantis. 

pj  .  ‘  Efto  Quadrans  circuli  ABC,  per  fingula  pun8:a  I,  L,  Sec. 

p-  ’  ‘  arcus  AIC,  intelligantur  duftæ  reftæ  MN,  OP,  parallelae 
**  *  AB,  occurrentes  BC  in  N,  P,  Se  (completo  Quadraro  BDI 

*  reftæ  AD,  in  M,0,  atque  ex  iifdem  punftis  I,L,  Sec.  duftis 
‘  IH,  LK,  ordinatis  ad  AB,  erunt  AH,  AK,  Sinus  verfi  ar- 
‘  cuum  AT,AL,  Sc  illis  æqnalis  IM,LO. 

‘  Confideremus  très  fummas  reftarum,  primam  Re^Iarum 

*  MN,  OP,  Sec.  ereftarrm  in  punftis  I,  L,  Sec  Secundam 
‘  Re^larum  IN,  LP,  ereftarum  etiam  in  I,L,  Sec.  Tertiam  de- 

*  nique  Reftarum  ÎM,  LO,  &c.  ereftarum  pariter  in  I,  L,  Sec. 
‘Patet  fecimdam  8e  tertiam. fummraam  fimul  fumptas  efie  ae- 

*  qualcs 
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1  ‘  quales  prlmæ,  cum  IM+IN  sequetur  MN,  &  LO+LP,  22. 

I  ‘  quetur  OP,  ic  fic  de  cæteris.  Unde  tertia  fumma  eft  difFe-  109. 

!  ‘  rentia  primse  &  fecuridæ  fummæ. 

‘Jam  prima  fumma  Reftarum  MN,  OP,  See.  æqualium 
!  ‘inter  fe  &  ere£l:arum  in  I,  L,  &c.  eft  fuperficies  Cylindrica 
:  ‘  cujus  bafis  arcus  Quadrantis  AIC,  altitude  vero  æqualis 
L  ‘  Radio  AB.  Ergo  eft  æqualis  Reftangulo  cujus  unum^  latus 
!  ‘  eft  æquaîe  arcui  AIC,  alterum  vero  Radio  AB. 

‘  Secunda  vero  fumma  Reâarum  IN,  LP,  ere£l:arum  in  I, 
i  *  L,  &c.  eft  æqualis  Quadrate  BD,  quod  lie  oftendemus.  In- 
:  ‘  telligatur  ex  Quadrato  ABC  circa  BC  converfo  generarî 
!  ‘  Hemifphærium,  llngulæ  IN,  LP,  générant  circules,  quorum 
I*  Radii  funt  îpfæ  IN,LF,  &  quoniam  circumferentiæ  funt  in- 
:  ‘  ter  fe  ut  Radii,  fumma  Radiorum  IN,  LP,  ereftorum  in  I,  L, 

;  ‘  eft  ad  fummam  circumferentiarum  eorumdem  Radiorum, 

!  ‘  five  ad  fuperficiem  Hemifphæricam,  ut  una  circumferentia 
1  ‘  eft  ad  Radium,  ex  Methodo  Indivifibilium  :  eft  autem  c:)? 

'  Archint.  fuperficies  Hemifphærica  dupla  circuli  maximi, 
i  ‘  five  æqualis  Reftangulo  contento  fub  Radio  AB,  Sc  periphe- 
!  ‘  rià  Radii  ejufdem  AB.  Ergo  fumma  Reftarum  IN,  LP,  &ç. 
i  *  ereftarum  in  I,  L,  See,  eft  ad  Reftangulum  contentum  fub 
!  I  Radio  AB,  Sc  peripheria  ejufdem  Radii  AB,ut Radius  AB  eft* 

I  ‘  ad  fuam  peripheriam.  Sed  in  eadem  Ratione  Radii  AB  ad 
!  ‘  fuam  peripheriam  eft  Qiiadratum  BD  ad  idem  Reftangulum 
I  ‘  contentum  fub  AB  Sc  peripheria  Radii  AB,  ut  patet.  Ergo 

*  fumma  reftarum  IN,LP,  See.  Sc  Quadratum  BD,  habent  eam- 

*  dem  Rationem  ad  idem  Reftangulum,  ac  proinde  fumma 
‘  Reftarum  IN,LP,  &c.  ereftarum  eft  æqualis  Quadrate  BD. 

‘  Cum  igitur  oftenfum  fit,  Tcrtiam  fummam  Reftarum 
‘  IM,  LO,  &c.  elle  differentiam  primæ  Reftarum  MN,  OP, 

‘  Sc  fecundæ  Reftarum  IN,  LP,  See.  prima  aurem  fumma  fit 

*  æqualis  Reftangulo  contento  fub  AB  Sc  arcu  AIC,  fecunda 
‘  vero  Redarum  IN,  LP,  See.  fit  æqualis  Quadrato  BD,  five 

*  Refbangulo  fub  AB  Sc  AB,  patet  tertiam  fummam  ,Re£ta- 
^  rum  IM,  LO,  See  elTe  differentiam  Reftanauli  contend  fub 

*  arcu  AIC,  Sc  fub  Radio  AB,  Sc  ReQranguIi  fub  AB  Sc  AB. 

‘  Cum  autem  horum  Re^tangulorum  eadem  fit  altitude  AB, 

*  eorum  differentia  æquatur  Re^fangulo  cujus  altitude  eadem 

*  AB,  bafis  vero  differentia  bafium,  nempe  differentia  Radii 

*  AB,  Sc  arcus  AIC.  Ergo  fumma  reftarum  IM,  LO,  See. 
‘ereftarumin  I,L,  See  æquatur  Re^fangulo  cujus  altitude  eft 
‘  AB,  bafis  autem  differentia  AB,  Sc  arcus  AIC.  Ergo  eft 
‘  ad  Reftanguhim  cujus  eadem  altitude  AB,  bafis  arcus  AIC, 

‘  ut  bafis  ad  bafini,  five  ut  differenti.i  Radii  AB,  Sc  arcus  Qua- 
‘  drantis  AÎC,  ad  arcum  Quadrantis  AIC.  Eft  aurem  Re^bn* 

*  guluni  cujus  altirudo  AB,  bafis  arcus  A.IC,  æquaîe  fuperficlei 

*  Cylindrlcæ  ejurdem  alcicudinis  6c  bafis.  Ergo  fumma  refta- 

‘  rum 
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.  ‘  rum  ÏM,  LQ,  &c.  five  Sinuum  verforum  AH,  AK,  &c* 

a  e  0.1.  t  ereftorum  in  I,  L,  &c.  eft  ad  fuperficiern  Cylindricam  cir- 
‘  cumfcripram,  ut  differentia  Radii  &  arcus  Quadrantis,  ad 
*  arcum  Quadrantis.  êluod  erat  demonjirandu  m. 

*  His  pofitis  jam  facile  determinabimus  Centrum  gravitates 
‘  quæfitum.  Sit  enim  nova  Quadratrix  ABCE,  genita  ex 
‘  Quadrantc  ABCF,  fitqiie  illius  Centrum  gravitatis  H  Ex 
‘  H  in  AB,  demictatur  perpendicuîaris  HG.  Dico  AG  effe 
‘ad  AB,  ut  Radius  AB,  eft  ad  arcum  Quadrantis  AFC. 

‘Eft  enim  ex  principio  fupra  pofito,  BG  ad  BA,  ut  fumma 
«  Segmentorum  ADE,  ADE,  ABC,  ad'Solidum  reftum  cir- 

<  cumfcriptum  ;  ut  autem  prtedifta  fumma  ad  Solidum  re- 

<  ftum,  ita  Figura  plana  Sinuum  verforum  ad  Reftangulum 
,  *  circumfcripium  {Lem,  2.)  6c  ut  Figura  plana  Sinuum  ver- 

<  forum  ad  Reftangulum  circumfcriptum,  ita  (Lm.  3.)  Fi- 

<  gura  curva  Sinuum  verforum  ad  fuperficiern  Cylindricam’? 
«  circumfcriptam,  Sc  ut  figura  curva  Sinuum  verforum  ad 
«fuperficiern  Cylindricam,  ita  (Lem.  4.)  differentia  Radii  & 

<  arcus  AFC,  ad  arcum  AFC,  Ergo  BG  eft  ad  BA,  ut  diffe- 
«rentia  AB  Radii  Sc  arcus  AFC,  ad  arcum  AFC,  Ergo  AG 
c  differentia  antecedentis  BG  Sc  confequentis  AB,  eft  ad  con- 
*<  fequens  AB,  ut  AB  differentia  fecundi  antecedentis  Sc  con- 

<  fequenpis  eft  ad  fecundum  confequens  nempe  ad  arcum 

c  AFC.  erat  demonÿrandum. 

COROLLARIUM. 

*  Hinc  determinata  eft  diftantia  Centri  gravitatis  H  à  re8:a 
*RC:  determinavimus  autem  initio  diftantiam  ejufdem 
‘  Centri  gravitatis  H  à  reftâ  AB.  Ergo  detcrminatum  eft, 

„  Centrum  gravitatis  H.  ^od  erat  faciendum. 


SECTION  III. 

Of  the  Center  of  Gravity  of  Solids, 

This  Seflion  fccms  to  be  more  ufeful  than  the  Fore¬ 
going,  becaufe  it  treats  of  fuch  Bodies  as  we  make  ufe 
of  every  Day,  and  the  Two  Foregoing' only  treat  of  Lines 
and  Plains,  which  do  not  exift  by  themfelves,  unlefs  in  the 
Imagination.  Neverthelefs  thofe  Two  Seftions  are  of  great 
Ufe  as  being  the  Foundation  of  this  ;  befides  all  that  has  been 
faid  of  Lines  and  Plains  may  be  applied  to  Bodies  like  them 
of  an  equal  Thicknefs  every  where,  as  you  will  fee  better  in  the 
Sequel. 


r 
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PROPOSITION  L 

THEOREM. 

if  a  Tri  fin  he  cut  h  y  a  T  lain  parallel  to  the  Tw  oppo^ 

Jite  Tlains^  the  Section  will  he  a  Thin  Equal  and 
Similar  to  each  of  thofe  oppofite  Tlains^  and  its 
Center  of  Gravity  will  he  in  the  I  Rightline  which 
pdf] es  thro  the  Center  of  Gravity  of  the  Jaid  Two 
oppofite  Tlains. 

\ 

LE  T  ADEFC,  for  Exampie,  be  a  Triangular  Prifm  pro-  ; 

pos’d,  whofe  Two  Oppofite,  Similar,  Equal  and  Pa-  I. 
rallel  plains  are  the  Triangles  ABC,  DEF,  whole  Centers  of 
Gravity  are  G,  H.  I  fay.  That  if  fuch  a  Prifm  be  cut  by  a 
Plain  parallel  to  either  of  thofe  Triangles,  fo  that  the  SedHon 
be^  for  Example,  the  Triangle  KLM,  that  Triangle  KLM  will 
be  Equal  and  Similar  to  each  of  the  oppofite  Triangles  ABC, 

DEF,  and  its  Center  of  Gravi I  will  be  in  the  Right-line 
GH. 

DEMONSTRATION. 

Since  the  Two  plains  ABC,  KLM,  are  Parallel,  and  that 
they  are  both  cut  by  the  plain  ABED,  their^Seftions  AB,  KL 
will  be  parallel,  by  i6.  1 1.  For  the  fame  Reafon  the  Two  lines 
BC,  LM,  are  Equal  and  Parallel,  as  well  as  the  Two  AC, KM. 

Thus  all  the  fides  of  One  Triangle  will  be  equal  to  all  the 
lides  of  the  other,  the  One  to  the  other,  wherefore  ip'  8.  i. 
they  will  be  Equal,  Equiangular,  and  Similar.  Which  is  the 
frfi  of  the  Tvoo  things  to  be  demon f  rated, 

Bccaufe  the  Three  Triangles  ABC,  KLM,  DEF,  are  Equal 
and  Similar,  their  Centers  of  Gravity  G,  I,H,  will  have  the 
fame  Pofition,  and  therefore  mùft  be  in  the  line  GIH.  Which 
is'the  other  thing  we  had  to  demonflrate, 

SCHOLIUM. 

To  leave  nothing  doubtful  in  this  L^emonflration,  we  will 
demonftrate  that  the  Centers  of  Gravity  G,  Î,  are  in  a 
Similar  Pofition  ;  that  is,  that  if  the  Triangles  ABC,  KLM, 

DEF,  were  laid  one  upon  another,  their  Centers  of  Gravity, 
wou’d  coincide  ;  tho’  this  is  fclf-evidcnc. 

It  is  plain  from  what  has  been  faid  eJfewhere,  that  the 
Three  lines  BGN,  LlOt  KHP,  divide  their  oppofite  equal 

.  fides 
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VUte  22.  fides  AC,  KM,  DF,  into  Two  équal  parts  at  the  points  N,0,P, 
Fig,  no.  fo  that  the  Three  lines  AN,  KO,  DP,  will  be  equal  to’ one 
another,  whence  the  Three  Triangles  ABN,  KLO,  DÉP  will 
likewife  be  equal  to  one  another,  and  alfo  the  Three  Angles 
ABN,  KLO,  DEP,  and  the  Three  lines  BN,  LO,  EP,  and 
conrequently  their  thirds  NG,  OI3  PH.  Hence  it  folio ws#' 
°  that  the  Three  lines  BG,  LJjEH,  are  alfo  equal  to  One  another, 
and  as  they  are  parallel,  their  Ends  G,  H,  I,  muft  have  thé 
fame  Po/Ition  and  be  in  the  fame  Right-line. 

PROPOSITI  O  N  II. 

THEOREM. 

.  The  Center  of  Gravity  of  a  Trtfm  is  in  the  middle  0} 
the  Right  line  which  goes  tbrd  the  Centers  of  Qra- 
vity  of  Two  opyojite  Thins. 

IiSay,  That  the  Center  of  Gravity  of  the  Prifm  ADEFC 
is  at  I  the  middle  of  the  Right-line  GH,  which  goes 
thro’  the  Centers  of.  Gravity  G,  H,  of  the  Two  oppodte 
Plains  ABC,  DEF. 

DEMONSTRATION. 

As  we  have  demonftrated  in  Prop.  i.  that  in  whatfoever 
part  a  Prifm  be  cut  by  a  Plain  parallel  to  its  oppofite  Plains, 
the  Sedion  will  alfo  have  its  Center  of  Gravity  in  the  line 
GH  ;  And  as  that  Prifm  may  be  cut  thus  by  an  infinite  Num¬ 
ber  of  fuch  Plains,  it  may  he  confider’d  as  made  up  of  an 
infinite  Number  of  Plains  parallel  to  one  another,  and  to 
the  Two  oppofite  Plains,  whofe  Centers  of  Gravity  are  in 
the  line  GH  ;  and  by  the  Method  of  Indivifibles,  you  imme- . 
diately  conclude,  That  the  Sum  of  that  infinite  Number  of 
Plains,  or  the  Prifm  ADEFC  has  its  Center  of  Gravity  in 
the  line  GH,  and  confequently  in  its  middle  point  I.  êl.E.D. 

COROLLARY. 

It  follows  evidently  from  this  Propofition,  that  a  Triangu¬ 
lar  Prifm  has  its  Center  of  Gravity  in  a  Plain,  which  goes 
thro’  One  of  the  Angles  and  thè  middle  of  the  oppofite  fide. 
For  fince  that  Center  of  Gravity  is  in  the  line  GH,  it  is  alfo 
in  the  Plain  BH,  or  BEPN,  which  goes  thro*  the  Angle  B, 
and  the  middle  N  of  the  oppofite  fide  AC.  . 

It  follows  alfo  that  the  Center  of  Gravity  of  any  Parallcle- 
pipedqn,  or  of  a  Cylinder  is  in  the  middle  of  its  Axis. 

It 
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It  follows  likewife  that  the  Center  of  Gravity  of^  a  Prifm,  22 
whofe  T wo  oppofice  Plains  are  Trapezoids,  will  be  in  a  Plain, 
which  divides  the  parallel  fides  of  thofe  Two  Trapezoids 
into  Two  equal  Parts.  * 

PROPOSITION  III. 

THEOREM. 

i 

If  a  pyramid  be  cut  by  a  Thin  parallel  to  its  Bafe^ 

\  the  SeEîîon  vûîU  be  a  Vlain  Similar  to  that  Bafe^ 
and  its  Center  of  Gravity  voiU  be  in  the  Right-line 
!  which  goes  thro  the  Center  of  Gravity  of  the  Bafe 

i  and  the  Vertex  of  the  Tyramid» 

Let  ABCD,  for  Ex^m,  be  a  Triangular  Pyramid,  whole 

Bafe  is  the  Triangle  ABC,  (  which  has  its  Center  of m 
Gravity  at  E)  and  whofe  Vertex  mull  conlequently  be  the 
j  point  D.  I  fay,  That  if  fuch  a  Pyramid  be  cut  by  a  Plain, 

I  parallel  to  the  Bale  ABC,  fo  that  the  Section  he,  for  Examphy 
^  the  Triangle  FGH  ;  this  Triangle  FGH  will  be  Similar  to  the 
Triangle  ABC,  and  its  Center  of  Gravity  I,  will  be  in  the 
Right-line  DE. 

DEMONSTRATION. 

Since  the  Two  Plains  ABC,  FGH,  are  parallel,  and  botE 
I  cut  by  the  Plain  CAD,  their  Serions  CA,  HF,  will  be  pa- 
!  rallcl,  by  j6i  r  i.  For  the  fame  reafon  the  Two  lines  AB,  FG, 

I  will  be  parallel,  as  alfo  the  Two  CB,  HG,  which  makes  thele 
I  Lines  Proportional,  and  their  Angles  Equal,  and  confequently 
!  the  Triangles  ABC,  FGH.  Which  is  One  of  the  Things  to  be  de- 
\  7nonftrated, 

Now  to  demonllrate  that  I,  the  Center  of  Gravity  of  the 
i  Triangle  FGH  is  in  the  line  DE,  one  mull  conhder  that*  in 
f  the  Similar -Triangles  CAK,  HFL,  the  Lines  FL,  AK,  or  FI, 

(  AE,  are  parallel,  and  that  as  FH:  is  to  AC::  fo  FL:  is  to  AK. 

But  the  Ratio  of  the  faid  lines  FH,AC,  is  the  fame  with  that 
I  of  the  lines  DF,DA.  Wherefore  DF;  is  to  DA:  ;  as  FL:  is  to 
I  AK.  Now  FL;  is  to  AK:  :  as  FÏ:  is  to  AE,  becaufe  the  lines 
jFIjAE,  are  each  Two  Third  Parts  of  their  lines  FL,  AK^ 

(  therefore  as  DF;  is  to  DA:  ;  fo  FI;  is  to  AE  ;  and  fince  the 
I  the  Righedines  FI,  AE,  are  parallel,  it  follows  that  their 
j  ends  I,E,  are  in  the  fame  Polition,  and  confequently  in  the 
i  Rightdine  DE.  Which  is  the  laji  Thing  to  be  dsmonflrated. 

\  .  '  SCHO. 


) 
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SCHOLIUM. 

Whathas  been  demonflrated  of  a  Triangular  Pyramid  may. 
be  demonftrated  of  a  Pyramid  of  more  fides,  and  even  of.  a 
Cone,  which  is  properly  a.  Pyramid  of , an  infinite  Number 
of  fides  ;  arid  likewife  of  any  other  pyramid,  whofe  Bafe  is 
terminated  by  one  continued  Line. 

P  R  O  P  0  S  I  T  I  O  N.  ly 
THEOREM. 

The  Center  of  Gravity  of  a  Tyramid  is  in  the  Right- 
Ime  which  goes  thro  One  of  its 'Angular  Toints^ 
and  thro'  the  Center  of  Gravity  of  the  Thin  op- 
pofite  to  that  Toint, 

Plate  22*  T  Say,  that  the  Center  of  Gravity  of  the  Pyramid  ABCD/ 
Pig.  1 1 1.  J.  is  in  fome  point  of  the  Right-line  DE,'  which  goes  thro’r 
the  point  or  folid  Angle  D,  and  thro’  E  the  Center  of  Gra» 
vity  of  the  oppofite  Plain  ABC. 

DEMONSTRAT  TÔ'  N.  ' 

As  it  has  be'en  demonflrated  in  Prop.  3.  that  in  what  ever; 
part  the  Pyramid  ABCD  be  cut  by  a  Plain  parallel  to  One  of. 
its  Bafes,  as  to  the  Bafe  ABC,  whofe  Center  of  Gravity  . is 
E,  the  .Se£iion  will  have  its  Center  of  Gravity  in  the  line, 
DE:  and  as  that  Pyramid  may  thus  be  cut  in  an  infinite^ 
Number  of  Places,  it  may  be  look’d  upon  as  made  up  of  an' 
infinite  Number  of  Plains,  parallel  to  one  another,  and  like-v 
wife  to  the  Bafe  ABC,  whofe  Centers  of  Gravity  are  in  the 
line  DE;  Whence  it  follo  ws,  That  the  Sum  of  that  infinite 
Nurn.ber  of  Plains,  or  the  Pyramid  ABCD  has  alfo  its  Cen¬ 
ter  of  Gravity  in  the  line  DE. 

COROLLARY. 

Plate  23.  ^  is  evident  from  this  Propofition,  that  the  Center  of  Gra- 

Eig,  IJ2. ^  Pyramid  is  in  the  Concourfe  of  Two  Right-lines 
*  drawn  thro’  the  folid  Angles  of  the  Pyramid  and  the  Centers 
of  Gravity  of  the  Plains  oppofite  to  ’em.  For  as  it  has  been 
demonflrated,  that  the  Center  of  Gravity  of  the  Pyramid' 
ABCD  is  in  the  line  DE,  which  goes  thro*  the  folid  Angle 
D,  and  E  the  Center  of  Gravity  of  the  oppofite  Plain  ABC 
one  nfay  after  the  fame  manner  demonftrate  that  that  Center^^ 

of 
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of  Gravity  is  alfo  in  the  line  BFj  which  goes  thro’  the  folid  25. 
Ani^le  B  and  the  Center  of  Gravity  F  of  the  oppofite  Plain 
CÀD.  Whence  one  may  conclude,  that  it  is  in  G  the  com¬ 
mon  Seftion  of  the  Two  lines  DE,  BF, ’whole  parts  GE»GL>, 

GF,GB,  are  proportional,  the  Leaft  GE  being  the  Third  part 
of  the  Greateft  GD,  or  the  Leaft  GF  being  the  Third  part  of 
the  Greateft  GB,  which  we  cou’d  here  demonftratc  ;  but  that 
we  muft  end  this  Seâion  to  come  to  Things  more  ufeful. 

SCHOLIUM. 

'  >  '  • 

You  muft  obferve,  that  what  has  been  faid  concerning  the 
Pyramid,  may  be  alfo  underftood  of  the  Coiie,  which  is  a 
Pyramid  of  an  Infinite  Number  of  fides.  To  make  inort, 
we  ftiall  not  ftand  to  demonftrate  that  the  Center  of  Gravity 
of  a  Regular  Body,  is  the  fame  with  that  of  the  circumfcrib’d 
Sphere,  and  that  the  Center  of  Gravity  of  a  Sphere  or  Sphe¬ 
roid,  is  the  fame  as  its  Center  of  Magnitude  ;  becaufe  that  is 
felf-evident. 

PROPOSITION  V. 

THEOREM. 

Tie  Center  of  Gravity  of  an  Hemifphere  h  in  that 
Semi-Z>iaMeter,  aviki  is  TerpenâkuUr  to  the 
T>Hmeter  of  its  Bafe,  - 

I  Say,  That  thè  Center  of  Gravity  of  the  Hemifphere  ABC,  j 

is  in  fome  Point  of  the  Semi-diameter  BD  perpendicular 
to  AC  the  Diameter  of  its  Bafe. 

demonstration. 

/ 

For  as  the  Hemifphere  ABC  is  form’d  by  the  Circumvo¬ 
lution  of  the  Semi-circle  ABC  about  the  immoveable  Liné 
BD,  one  may  cafily  conceive  that  the  Hemifphere  ABC  is 
made  up  of  an  Infinite  Number  of  Circles,  whofe  Diameters 
are  parallel  to  the  Diameter  AC,  and  whofe  Centers  are  in 
the  Axis  BD  :  and  as  thofc  Centers  are  alfo  rheir  Centers  of 
Gravity,  it  follows.  That  the  common  Center  of  Gravity  of 
the  Sum  of  that  Infinite  Number  of  Circles,  -or  of  the  He¬ 
mifphere  ABC,  is  in  the  faid  Axis  BD.  E.  D. 

SCLfOLIÜAÿ 

One  may  after  the  fame  manner  demonftratc,  that  the  Cen¬ 
ter  of  Gravity  of  the  Segment  of  a  Sphere,  or  of  a  Spheroid, 
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VUts  23.  of  a  Paraboloid*  or  of  a  Conus  truncatus^  is  in  their  Axis, 

^^3'  caufe  all  thofe  Bodies  are  made  of  an  infinite  Number  of  Cir¬ 
cles  parallel  to  their  Bafes,  as  it  is  evident  by  their  Gene¬ 
ration,  &c. 

PROPOSITION  VI. 

^  THEOREM. 

«  The  Center  of  Gravity  of  an  Hemifphere  divides  its 
Axis  into  Two  Tarts,  of  which  That  which  is 
neareji  to  the  Surface,  is  to  the  Other  as  ^,io 

ISay,  That  in  the  Hemifphere  ABC,  vvhofe  Center  is  Di 
and  Axis  BD  ;  the  Center  of  Gravity  G  divides  the  Axis 
BD  into  Two  parts  GB,  GD,  in  fuch  manner,  that  GB  :  is  to 
GD:;  as  5  :  is  to  3  ;  fo  that  if  the  Axis  BD  be  divided  into 
Eight  equal  parts*  GB  will  be  5,  and  GD  3,  of  thofe  parts. 

PREPARATION. 

Defcribe  about  the  Semi-circle  ABC,  which  is  the  Profil 
of  the  Hemifphere*  thé  Redangle  AF,  and  joyn  DE,  DF. 
If,  by  thought,  the  whole  Plain  AF  be  mov’d  about  BD  the 
Semi-diameter,  which  muft  remain  unmoveable  as  an  Axis, 
the  Reftangle  AF  will  by  its  Circumvolution  defcribe  a  Cy¬ 
linder  ;  the  Semi-circle  ABC  an  Hemifphere  ;  and  the  ReÔ- 
angular  Triangle  EDF  a  Cone,  whofe  Bafe  will  be  equal  to 
that  of  the  Cylinder,  and  to  that  of  the  Hemifphere. 

DEMONSTRATION. 

Becaufe  the  Three  foregoing  Solids  have  the  ûme  Height, 
*viz.  the  common  Axis  BD,  and  equal  Bafes;  the  Cylinder  AF 
will  be  Three  times  the  Cone  EDF,  and  the  Hemifphere  ABC 
will  be  Twice  the  fame  Cone  EDF,  as  it  is  evident  from 
what  has  been  faid  and  demonftrated  in  our  Treatife  of  Geome- 
try.  So  that  if  the  Cylinder  AF  be  fuppos'd  to  confift  of 
Three  parts,  the  Cone  EDF  will  be  One  of  ’em  ;  and  the 
Hemifphere  ABC,  Two  of  ’em  ;  And  if  the  Cone  EDF  be 
taken  from  the  Cylinder  AF,  that  is,  t  from  3,  there  will  re^ 
main  Two  for  the  Solid  Concave  AEDFCD,  which  confe- 
quently  will  be  equal  to  the  Hemifphere  ABC,  and  to  Twice 
the  Cone  EDF.  Now  the  Center  of  Gravity  of  the  Cylinder 
AF  is  at  H  the  middle  Point  of  the  Axis  BD,  by  Prop.  2.  and 
that  of  the  Cone  EDF  is  at  the  point  I,  diflant  from  the  point 
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B  the  fourth  part  of  the  Axis  BD,  ly  Prop.  4^.  Since  then  H  pyte^^l 
is  the  common  Center  of  Gravity  of  the  Cone  EDF,  and  of  p.  ,V 
the  Solid  Concave  AEDFCD,  thofe  Two  Solids  will  be  in  a 
Reciprocal  Ratio  of  their  diftances  HG,  HI,  and  as  they  are 
in  a  Duple  Ratio^  the  diftance  HI,  will  be  double  the  diftance 
HG.  Whence  we  may  learn.  That  to  find  out  G  the  Center 
of  Gravity  of  the  Hcmifphere  ABC,  HG  muft  be  taken  equal 

z  I 

to  Half  of  HI.  Now  as  BI  is  ^  of  BD,  HI  muft  alfo  be  >-* 

of  BD,  and  confequently  HG  of  BD,  to  which  if  BH  equal 

to  Half  of  BD  be  added,  you  will  have  BG  equal  to  of 

3  8 

BD,  and  confequently  GD  equal  to  of  BD;  which  fhewS» 
that  BG  :  is  to  GD  :  :  as  5  :  is  to  3.  êl^E.D, 

COROLLARY. 

.  T 

From  this  Theorem  it  follows,  That  if  the  Axis  of  ail 
Hemifphere  be  divided  into  Eight  equal  parts,  and  you  take 
Five  of  em  counting  from  the  Superficies,  or  Three  count¬ 
ing  from  the  Center,  you  will  have  the  Center  of  Gravity  of 
the  Hemifphere  proposed. 

SCHOLIUM. 


Becaufe  the  foregoing  Demonftration  fuppofes  that  the 
Center  of  Gravity  of  a  Cone  divides  its  Axis  into  Two  parts, 
of  which  the  neareft  to  the  Vertex  contains  the  other  Three 

times,  or  is  equal  to  of  the  Axis,  which  we  have  nor  de- 

,4 

inonftrated  ;  We  will  make  you  more  certain  of  it  by  (hewing 
in  the  following  Problem,  the  Manner  of  finding  the  Center 
of  Gravity  of  a  Cone,  according  to  Mr.  Fermâtes  Method, 
which  may  be  applied  to  any  other  Figure. 

PROPOSITION  VII. 

PROBLEM.  ' 

How  io  find  the  Center  of  Gravity  of  à  Cone. 

TO  find  the  Center  of  Gravity  I  upon  the  Axis  CD  off/ÿ,  119I 
the  Cone  ABC,  cut  that  Cone  by  a  Plain  parallel  and 
infinitely  near  to  the  Bafis  AB,  in  fuch  manner  that  the 
Seftiort  be,  for  Example^  the  Circle  FG,  whofe  Diameter  is  •• 
sue  into  Two  eqnal  Parts  at  E  by  the  Axis  CD  5  and  by  this 

K 
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plate  25,  Seftion  the  Cone  ABC  will  be  divided  into  Two  parts,  which 
JI9.  make  the  Cone  FCG,  whofe  Center  of  Gravity  we  will  fup- 
pofe  H,  and  the  Conus  truncatus  AFGB  ,  whofe  Center  of 
Gravity  we  will  fuppofe  at  K. 

This  Preparation  being  made  ;  let  a  be  the  Axis  CD,  x  the 
dillance  Cl  from  the  Center  of  Gravity  I,  of  the  Cone  ABC 

to  its  Vertex  C,  and  you  will  have  a - ^  for  the  diftance 

DI  from  the  fame  Center  of  Gravity  I  to  the  Bale  AB  :  and 
if  0  be  put  for  the  diftance  DE  of  the  Plain  cutting  FG 
at  the  Bafe  AB,  (this  Letter  0  reprefenting  a  Cypher,  becaufe 
the  part  DE  is  fuppos’d  infinitely  Little,  and  confequently 
the  Conus  trmicatus  AFGB  infinitely  Little,  which  maker,  the 
Two  lines  IK,  ID,  equal,  fo  that  they  may  be  exprefs’d  by 

the  fame  Algebraical  Charafters*  'viz.  a - you  will  have 

0  0  for  the  Axis  CE  of  the  Cone  FCG. 

Becaufe  the  Center  of  Gravity 
I  of  the  Cone  ABC,  divides  its 
Axis  CD  after  the  fame  manner 
that  the  Center  of  Gravity  H  of 
the  Cone  FGC  divides  its  Axis 
CE,  fince  that  happens  in  all  Py¬ 
ramids,  as  it  is  ealy  to  conclude 
by  what  has  been  faid  in  Prep.  4. 
you  will  have  this  Anslogy,  CD: 
Cl;;  CE:  CH;  or  x::  a*^oi  CH, 

XÛ 

which  will  give  for  the 

a 

part  CH,  which  being  taken  from  the  part  Cl,  or  from  x 

xo 

you  will  have  hh  for  the  part  IH, 
a 

Becaufe  by  the  general  Principle  of  the  Balance,  the  Co- 
ms  truncatus  AFGB:  is  to  the  Cone  FCG::  reciprocally  as  the 
diftance  HI;  is  to  the  diftance  IK,  it  will  be  known,  by  Com- 
pQjitio7t,  that  the  Cone  ABC  is  to  the  Cone  FCG,  as  HK  is  to 
ÏK,  and  if  inftead  of  thofe  Two  Cones  which  are  Similar, 
(becaufe  of  the  Similar  Triangles  ABC,  FGH,)  you  put  the 
Cubes  of  their  Jxes  CD,  CE,  which  are  in  the  fame  R^ria, 
you  will  know,  that  the  Cube  of  CD:  is  to  the  Cube  CE::  as 
HK:  is  to  IK  ;  fo  that  in  Analytical  Terms  you  will  have  this 
Analogy,  ^3: :  HK:  IK,  and,  by  dividing^ 
this,  3 3^00+0^:  3^3t^o+3^oo‘-o3::Hl;jK,  and  if  inflead 

of  the  Two  laft  Terms  HI,  IK,  you  put  the  Letters  which 

exprefs  them,  or  in  whole  Numbers  aa^ax^xOf 

which  are  in  the  fame  Katio^  you  will  have  this  lafl:  Analogy, 

,  and  confe- 
quencly 


CDe=  a 

rt  - ;  y 

DI=^  — a:  =  IK. 
DE  =  o 
CE  =  a  —  0 

xo 

& 

xo 

Hlrr  — 
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^axû^-^xo^::=io  ,  which  being  divided  by  o, 
will  be  chang’d  into  this,  aaûe*-^^:^,a^x^6aaxo*^ 

/\.axoo^xo'i:=iOy  from  which  taking  all  the  Terms  where  the 

Letter  o  is  you  will  have  this  laft  Equation,  3^4'-^  4^3 

3a 

in  which  you  will  find  x=>^,  which  Ihews  that  the  pare 

4  .  / 

Cl  is  equal  to  3  Quarters  of  the  Axis  CD,  and  therefore, 
That  to  find  the  Center  of  Gravity  of  the  propos’d  Cone 
ABC, the  Axis  CDmufl:  be  divided  into  Four  equal  Parts,  and 
Three  of ’em  muft  be  taken  frqm  C  to  I,  or  One  from  D  to  Ip 
and  the  point  I  will  be  the  Center  of  Gravity  requir’d. 


PROPOSITION  VIII. 

THEOREM. 

Tie  Center  of  Gravity  oj  a  Taraholoid  is  the  fame  as  ^ 
that  of  the  Triangle  ^  whofe  Height  is  the  Height 
of  the  Taraboloid^  and  whofe  Safe  is  the  ^Diameter 
of  the  Safe  of  the  fame  Tarabohid,  o 

I  Say,  that  the  Center  of  Gravity  of  the  Paraboloid  or  Pa-  Fig*  114* 
rabolick  Conoid  ABC  is  the  fame  as  the  Center  of  Gravity 
E  of  the  Triangles  ABC. 


DEMONSTRATION. 


If  to  AC  Ordinate  to  the  Diameter  BD,  be  drawn  any  Pa¬ 
rallel  as  FG,  which  will  alfo  be  an  Ordinate  to  the  Diameter 
BD,  you  will  have  the  Two  Similar  Triangles  HBI,  ABC, 
and  by  4.6.  BK:  will  be  to  BD::  as  HI:  to  AC  ;  and  be.caufe 
by  the  Nature  of  the  Parabola,  BK:  has  the  fame  Raiio  to  BD;: 
as  the  Square  FG:  has  to  the  Square  AC  ;  that  is,  as  the  Cir¬ 
cle  whofe  Diameter  is  FG;  is  to  tl^  Cirçle  whofe  Diameter 
is  AC  ;  it  follows,  that  the  Circle  HI;  is  to  the  Circle  AC:: 
as  the  Circle  FG:  is  to  çhç  Circle  AC  ;  which  fhews  that  thole 
Circles  whofe  Number  is  Infinite,  which  make  up  the  Para¬ 
boloid  ABC,  are  Proportional  to  as  many  Rightdincs  which 
make  up  the  Triangle  ABC.  Whence  it  is  eafy  to  conclude. 
That  their  Centers  of  Gravity  coincide. 


K  3 
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fi:.  114.  COROLLARY. 

It  Is  evident  from  this  Propofitlon,  that  E  the  Center  of 
Gravity  of  the  Paraboloid  ABC,  divides  the  Diameter  BD 
into  Two  parts  EB,ED,  in  fuch  manner  that  the  firft  EB  is 
„  double  the  fécond  ED,  as  in  the  Triangle  ;  and  therefore, 
that  to  find  the  Center  of  Gravity  of  ABC,  the  propos’d  Pa., 
raboloid,  its  AxisBD  mufl:  be  divided  into  Three  parts,  and 
Two  of  the  parts  muft  he  takenj  counting  from  B  to  E  ;  or 
One,  counting  from  D  to  E,  &c, 

PROPOSITION  IX. 

PROBLEM. 

fiow  to  find  the  Center  of  Gravity  of  the  Segment  of 

a  Sphere, 


L  Center  of  Gravity  of  the  Segment  of  a  Sphere  \s 
.  JL  found  after  the  fame  manner  as  that  of  a  Hemifphere. 

Therefore  to  find  the  Center  of  Gravity  of  the  folid  Segment, 
whofe  Profil  is  ABC  ;  the  Perpendicular  BD,  which  divides 
the  Chord  AC  into  Two  equal  parts,  mufl:  be  divided  into 
Eight  equal  parts,  and  Three  of  ’em  mufl:  be  taken  from  D 
to  G,  or  Five  of  ’em  from  B  to  G,  to  have  in  G  the  Center 
of  Gravky  requir’d. 

DEMONSTRATION. 

'  « 

If  the  Reflangle  AF  be  defcrib’d  about  the  Arch  ABC,  and 
the  Right-lines  DE,  DF,  be  driiwn,  it  is  evident  that  the 
'  Plain  AF,  by  a  Circumvolution  about  the  unmoveable  Line 
BD  will  defcribe  a  Cylinderj  the  Segment  ABC,  a  Segment 
of  a  Sphere,  and  the  Triangle  EDF  a  Cone,  after  which  the 
reft  may  be  demonftrated,  as  in  Prop.  6. 

PROPOSITION  X. 

■  ■  * 

PROBLEM. 

How  to  find  the  Center  of  Gravity  of  the  SeSt.or  oj 

a  Sphere. 

Fiir  I  id  TT'O  Center  of  Gravity  of  ABCE  the  Seflor  of 

**  '  JL  a  Sphere,  whofe  Center  is  E,  and  Axis  BE,  take  upon 

that  Axis  BE  the  Part  DF,  equal  to  a  fourth  Part  of  DE,  and 
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the  Parc  DG  equal  to  ►-«  of  BD,  to  have  G  the  Center  of  Gra-  Plate  23* 

8  *  ,  «  t  ^  Pig*  116^ 

vity  of  the  folid  Segment  ACB,  and  at  F  the  Center  of  Gra¬ 
vity  of  the  Cone  AEC.  Then  to  find  the  common  Center 
of  Gravity  of  the  Two  Solids  ACBIÀEC,  or  the  Center  of 
Gravity  of  the  Scftor  AECB,  you  muft  only  divide  FG  the 
difiance  of  thofe  Two  Centers  of  Gravity  F,  G,  into  Two 
Parts  FH,  GH,  reciprocally  Proportional  to  the  Two  Solids 
ACB,  AEC,  which  will  be  done,  by  finding  a  fourth  Pro¬ 
portional  to  the  Se£lor  ABCE;  the  Cone  AEC;:  and  the  Line 
FG:  'uizM  GH,  &c. 


PROPOSITION.  XL 

THEOREM. 

If  the  Segment  of  a  Sphere  and  the  Segment  of  a 
Spheroid  have  the  fame  Axis  y  and  their  Safes  on 
the  fame  Tlain^  they  mil  alfo  have  the  fame  Cen^ 
ter  of  Gravity. 

ISay,  That  the  Centers  of  Gravity  of  ABC  the  Segment  of  Pig,  1 17. 

a  Sphere,  and  of  EBF  the  Segment  of  a  Spheroid,  whofe 
common  Axis  is  BD,  coincide;  that  is,  that  they  have  the 
fame  Center  of  Gravity,  as  G. 

DEMONSTRATION. 

If  within  thofe  Two  Figures  you  draw  as  many  Lines  as 
you  pleafe,  Parallel  to  the  Line  EF,  or  Perpendicular  to  the 
Axis  BD,  as  HI;  HI:  will  always  be  to  KL:;  as  EF:  is  to  AC, 
by  the  Nature  of  the  Ellipfis,  and  the  Circle  of  the  Diameter 
HÎ;  will  be  to  the  Circle  of  the  Diameter  KL:':  as  the  Circle 
of  the  Diameter  EF:  is  to  the  Circle  of  the  Diametejr  AC, 

Thus  you  fee,  that  the  innumerable  Circles,  which  make  up 
the  Segment  ABC  of  a  Sphere,  are  Proportional  to  the  in¬ 
numerable  Refpeftive  Circles,  which  make  up  the  Segment 
EBF  of  a  Spheroid.  Whence  it  is  eafy  to  conclude,  That 
they  have  One  common  Center  of  Gravity.  êl.E.D. 

COROLLARY. 

It  follows  from  this  Theorem,  that  if  you  divide  BD  the 
Axis  of  EBF  the  Segment  of  a  Spheroid  into  Eight  equal 
Parts,  and  take  Three  of ’em  from  D  to  G,  or  Five  from  B 
to  G,  you  will  at  G  have  the  Center  of  Gravity  of  the  Seg¬ 
ment  of  the  Spheroid  EFB. 

*  '  K  4  The 
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The  Third  Book. 
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HYDROSTATICKS. 

-  /■ 


HTDROSTJTICKS  is  that  part  of  Mechanicks^  which 
confidcrs  the  Weight  of  Liquids,  and  efpecially 
Water,  or  Solid  Bodies  immers’d  into,  or  lay’d 
upon  Liquids  by  comparihgthem  with  each  other. 
Although  Liquids  are  Ponderous,  nevérthelefs  they  have 
not  of  tliemfelyes  a  Center  of  Gravity,"  becaufe  their  parts 
are  not  link’d  together  fo  as  to  fuftain  one  another  in  MquU 
librio  about  one  certain  Point,  unlefs  they  are  fliut  up  in  a 
Veflel,  and  then  one  may  obfervè  a  great  deal  of  Conformity 
occurring  in  Staticks  and  Hydroftaticks,  which  we  will  here 
.  explain  occaljonally. 

Pmte  24.  ^5  [jy  fjjg  Principles  of  Staticks,  we  know  the  Weight 

123.  enci'^afes  iaitcoçding  to  its  diftance  from  the  Perpendicular, 
which  is  to  fay,  that  to  remove  ihfe  Weight  A,  which  we  fup- 
pofc  to  be  4  Pound,  upon  the  Arch  AC,  of  the  Quadrant 
ACD,  whole  Center  is  D,  fropi  the  Perpendicular  ÂD,  from 
A  to  I,  for  Example,  by  the  ^ih  part  of  horizontal  diftance 
CD,  There  mull:  be  a  Force  equal  to  the  fourth  part  of  the 
Weight  A,  or  the  Force  of  i  Pound  ;  and  a  Force  equal 
to  the  half  of  the  Weight  A,  or  the  Force  of  %  Pounds  to 
remove  it  to  half  of  the  diftance  CD;  and  a  force  equaj 
to  3  quarters  of  the  Weight  A,  or  the  Force  of  3  Found,  to 
bring  it  to  L,  which  is  3  quarters  of  the  fame  diftance  CD  s 
and  at  laft  a  Force  equal  to  the  whole  Weight  A,  or  the  Force 
of  4  Pounds,  to  bring  it  to  C,  the  whole  diftance  CD:  juft: 
the  contrary  it  fliewm’  by  experience  in  Hydrojfaticks  ;  namely, 
that  the  Weight  inçreafes  its  Gravity  as  it  comes  nearer  to  a 
Perpendicular,  that  is  to  fay,  that  in  removing  a  Cylinder  of 
Water,  as  MF,  from  the  Horizontal  line  EF,  to  bring  it 
nearèr  to  the  Perpendicular  EH,  by  raifing  it  upon  the  Arch 
FH,  of  the  Quadrant  EFH,  round  its  Center  E,  the  Force  of 
the  Water  cohtajnM  in  the  Cylinder  MF,  increafes  in  pro¬ 
portion  to  its  elevation  ;  in  fo  much  that  if  the  Cylinder  MF; 

'  ’  ■  was 
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\  Was  rais’d  to  N,  the  4th  part  of  the  Height  EH,  it  wou’d  get  24» 
the  Force  of  i  pound  to  raife  a  Sucker,  or  to  make  a  Wheel  Pig»  123* 
:  turn,  &c.  The  fame  Water  being  rais’d  to  Oj  which  is  half 
the  Height  EH,  will  gain  the  Force  of  2  Pound,  and  being 
i  rais’d  to  P,  which  is  3  quarters  of  the  Height  EH,  it  will 
have  the  Force  of  3  Pounds,  and  laft  of  all,  being  rais’d  per* 
pendicularly  up  to  the  point  A,  fo  that  its  Pofition  may  be 
HQ,  c  will  have  the  Force  of  4  Pounds- 

In  like  manner,  as  we  have  demonftrated  in  Statich^  Prop.^, 

Chap.  2.  that  when  Two  Weights  are  in  Æquilihrîo  upon  the 
Two  fide*  of  a  Triangular  plaioi  whofe  Bafe  is  parallel  to 
the  Horizon,  by  mutually  balancing  each  other  in  Two  lines 
parallel  to  the  fides-pf  f:he  Triangular  Plain,  which  I  fuppofe 
perpendicular  to  the  Horizon,  by  means  of  a  Pulley  apply’d 
I  to  the  top  of  the  Triangle  ;  Their  Powers  or  abfolute  Gra¬ 
vities  are  proportionable  to  the  fides  of  the  fame  Triangle  ; 

I  the  fame  thing  happens  in  Hydrofiaticks^  for  if  a  Pipe  or  Tube 
be  fo  bent,  as  to  reprefent  Two  fides  of  a  Triangle,  fand 
being  partly  fill’d  with  Water,  its  T wo  Ends,  which  will  be 
the  Extremities  of  Two  Cylinders  of  Water,  be  plung’d 
into  a  Veflel  full  of  Water,  whole  Surface  being  always 
I  parallel  to  the  Horizon,  may  pafs  for  the  Bafis  of  that  Tri- 
I  angle,  which  I  alfo  fuppofe  Perpendicular  to  the  Horizon, 
f  or  to  the  Surface  of  the  Water  contain’d  in  the  Vellel)  the 
,  Length  of  chofe  Two  Cylinders  of  Water,  which  are  above 
the  Surface  of  the  Water  in  the  VelTel  fliall  be  alfo  propor¬ 
tionable  to  the  fides  of  the  Triangle,  when  the  Water  in 
each  Tube  or  Cylinder  lhall  be  in  Æquiîibrio^  that  is  to  fay, 
of  thé  fame  Height. 

Thus,  becaule  according  to  the  Principles  of  Statîcks^  we  ^24- 
know  that  thé  Two  Weights  D,  E,  that  are  in  Æquilihrio 
upon  the  Two  fides  AC,  BC,  of  the  Triangular  plain  ABC, 
whofe  Bafe  AB  is  parallel  to  the  Horizon,  their  abfolute  Gra¬ 
vities  are  to  each  other  as  the  fides  AC,  BC  ;  fo  that  if  the 
fide  AC,  is,  for  Esçample,  Double  the  fide  BC,  the  abfo- 
liite  Gravity  of  the  Weight  D,  is  alfo  Double  that  of  the 
Weight  E  ;  like  wife  it  appears  in  Hydrojiatich^  that  the  Length 
of  the  Cylinder  of  Water  FI  :  is  to  the  Length  of  the  Cylinder 
of  Water  HK*:  :  as  the  fide  FH,  of  the  Triangle FGH;  is  to  the 
fide  GH  ;  fo  that  if  the  fide  FH,  is  Double  the  fide  GH, 
alfo  the  Length  FI,  is  double  the  Length  HK,  when  the  Two 
Extremities  IK,’  are  level,  that  is  to  fay,  in  the  Horizontal 
line  LM,  which  is  evident,  becaufc  in  that  cafe  the  Two 
Triangles  GIK,  GFH)  are  Similar. 


CHAR 
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CHAPTER  I. 


Concerning  the  Theorems. 


TH  E  Theorems,  which  we  fiiall  add  here,  are  founded 
upon  Experience,  which  may  ferve  as  a  Demonftration 
in  fuch  cafes  as  thefe  :  Neverthelefs  we  fliall  give  their  De- 
monftracion  as  clearly  as  we  can. 


THEOREM  I. 


A  Tonàerous  Liquor^  contain' din  a  Cylinder perpen* 
dicular  to  the  Horizon^  Endeavours  to  get  out  at 
the  Bottomy  with  a  Force  proportionable  to  its 
Height  in  the  Tube. 


Plate  23 
US 


t  ■ 


LE  T  us  fuppofe,  that  the  Tube  AB,  be  of  an  equal  big- 
nefs  throughout,  and  perpendicular  to  the  Horizon  ; 
^and  that  being  filfd,  either  wholly,  or  in  part,  with  feme 
Ponderous  Liquor, /or  Example,  Waterj  we  fhut  up  the  open 
End  A,  in  order  to  hinder  it  from  running  out.  That  being 
fuppos’d,  I  fay,  that  the  Water  contain’d  in  the  Cylinder 
AB,  endeavours  to  get  out  at  the  End  A,  with  a  Force  pro-^ 
portionable  to  its  Height  :  So  that  if  theTube  AB  is  fill’d  with 
WAter,  for  Ex.  up  to  C,  and  that  the  Height  AC  is  divided  into 
as  many  Equal  parts  as  you  pleafe,  as  for  inftance,  into  Three 
at  the  points  D,  E,  the  Force  with  which  the  Water  will 
endeavour  to  defeend  from  C,  through  the  Hole  A,  will  be 
triple  that  with  which  it  will  endeavour  to  get  out  with 
from  E  thro’  the  fame  Hole  A,  if  the  Water  fhould  reach 
but  I’uft  up  to  E  ;  becaufe  in  that  cafe  the  Height  AC,  being 
triple  the  Height  AE,  the  Cylinder  of  Water  AC,  wou’d  be 
alfo  triple  the  Cylinder  of  Water  AE,  and  that  confequently, 
the  Cylinder  of  Water  AC  wou’d  be  Three  times  Hea¬ 
vier  than  the  Cylinder  of  Water  AE,  which  wou’d  give 
to  the  Water  contain’d  in  the  Tube  AC  ,  Three  times 
more  Force  to  defeend,  than  to  the  Water  contain’d  in  the 
Tube  AE;  it  being  certain  that  . the  Force  which  a  heavy  ! 
Body  defeends  with,  is  proportionable  to  its  Weight.  > 


SCHOLIUM. 

This  Demonflration  fuppofes  that  Water  defeends  by  itsi 
own  Gravity,  as  it  is  evident:  But  as  it  is  alfo  pufli’d  on  all 
fides  by  the  continual  Motion  its  Fluidity  caufes,  one  part 

'  “  does; 
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does  not  only  prefs  that  part  which  anfwers  perpendicularly 
under  it,  bur,  alfo  thofe  on  each  fide  of  it.  From  whence  it  r,v  .  .o* 
follows,  that  if  you  pierce  the  Tube  AB,  thro*  the  fide,  the 
Water  that  is  above  the  place  you  pierc’d  will  run  out  at  it. 

COROLLARY!. 

It  evidently  follows  from  this  Propofition,  that  if  Two 
.Cylinders  of  equal  bignefs,  contain  each  of  them  a  certain 
quantity  of  the  fame  Liquor,  for  ExaTTtple,  Water,  the  Powers 
with  which  that  Water  will  endeavour  to  run  out  of  each  of 
thofe  Tubes,  will  be  to  one  another  as  the. Heights  of  the 
Water  in  the  faid  Tubes,  and  confequently  if  thofe  Heights 
are  equal,  the  Water  comes  out  of  each  Tube  with  equal 
Force 

COROLLARY  XL 

It  follows  alfo  from  this  Propofition,  that  the  fame  fort  of  Fig.  I'so. 
Liquor  being  in  Two  Tubes  of  equal  bignefs,  and  perpen¬ 
dicular  to  the  Horizon,  which  have  communication  by  means 
of  a  Tube  of  the  fame  bignefs,  and  parallel  to  the  Horizon  ; 
has  always  its  upper  parts  in  the  fame  Level  in  each  Tube  : 

As  much  as  to  fay,  that  if  you  pour  fome  Liquor,  as  Water, 
into  one  of  thefe  Tubes,  it  will  by  means  of  the  Tube  of 
Communication  difperfe  it  felf  into  the  other  Tube,  and  will 
place  it  felf  in  each  Tube  at  the  fame  Height. 

As  if  one  pour’d  Water  into  the  Tube  AB,  it  wou  d  run 
into  the  Tube  AC,  of  the  fame  Size,  and  in  riling  up  in  CD, 
which  is  a  Tube  of  the  fame  Si  ze  alfo,  it  wfill  place  it  felf  at 
an  equal  Height  in  each  Tube,  that  is  to  fay,  that  the  Water 
will  ceafe  to  rife  in  the  Tube  LID,  when  it  comes  to  the 
Height  of  that  in  the  Tube  AB  ;  becaufe  in  that  cafe  the 
Two  Cylinders  of  Water,  as  AE,  CF  are  equal,  and  confe- 
quently  they  have  equal  Gravity, 

T  H  E  O  R  E  M  IÏ. 

•i 

If  Two  Cylinders  fill'd  with  the  fame  Liquor  are  of 
an  equal  Height.,  and  of  an  unequal  h/gnefs,  and 
perpendicular  to  the  Horizon  ;  the  Liquor  endea-^ 
vours  to  get  out  at  the  Bottom  of  each,  with  a 
Force  proportionahle  to  its  Bafe, 

ISay,  That  if  a  Ponderous  Liquor,  as  Water,  is  at  an  equal 
Height  as  AB,  CD,  in  the  Tubes  AB,  CE,  Perpendicular 
:Ço  the  Horizon,  and  of  unequal  bignefs,  as/or  Example,  if  the 

’  •'*  ■  ;  ^  Di- 
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PUte  2^.  Diameter  of  the  Bafe  of  the  Tube  AB,  be  Double  the  Di- 
Pig,  12  2.  ameter  of  the  Bafe®of  the  Tube  CE,  in  which  cafe  the  Bale 
•of  the  Tube  AB,  will  be  Quadruple  to  that  of  the  Tube 
CE  ;  the  Force  with  which  theWater  will  endeavour  to  get 
out  at  the  Bottom  of  the  largeftTube  AB  :  will  be  to  the  Force 
with  which  it  will  endeavour  to  get  out  at  the  Bottom  of  the 
leaft  CE  :  Î  as  the  Bafe  of  the  largeft  Tube  AB  ;  is  to  the  Bafe 
of  the  leaft  CE  ;  in  fo  much  that  in  the  Suppolition  we  have 
m^de,  the  Water  will  endeavour  to  get  out  at  the  Bottom 
of  the  largeft  Tube  AB,  with  a  Force  Quadruple  to  that 
with  which  it  will  endeavour  to  get  out  at  the  Bottom  of 
I  the  leaft  CE,;  becaufe  the  largeft  Tube  AB,  will  be  Four 
times  as  big  as' the  leaft  CD,  of  the  fame  Height,  and  confe- 
quently  wdlî  have  Four  times  its  Gravity,  which  gives  the 
Water  Four  times  the  Force  to  go  out  with. 

COROLLARY. 

It  evidently  follows  from  this  Propofttion,  that  if  Two 
Cylinders  of  Water,  perpendicular  to  the  Horizon,  are  not 
only  of  unequal  Bignefs,  but  ^Ifo  of  unequal  Height,  the 
Force  with  which  the  Water  contain’d  in  One  of  thefe 
Tubes,  will  endeavour  to  get  out  at  the  Bottom  with,  will 
be  to  the  Force  with  which  the  Water  will  endeavour  to 
get  out  at  the  Bottom  of  the  other  Tube,  in  a  Ratio  comr 
pounded  of  the  Proportions  of  the  Bafes  and  the  Heights. 

As  here,  we  have  fuppos’d,  that  the  Bafe  of  the  Tube 
AB,  is  Quadruple  to  that  of  the  Tube  CE,  whofe  Height, 
for  Example^  may  be  Triple  that  of  the  Cylinder  AB,  the 
Force  with  which  the  Water  contain’d  in  the  Tube  AB, 
endeavours  to  get  out  at  the  Bottom,  will  be  to  that  by 
which  the  Water  contain’d  in  the  Tube  CE  endeavours 
to  get  out  at  the  Bottom,  in  the  fame  Proportion,  as  4  to  3, 
which  is  compounded  of  the  Ratio  of  4  to  1,  or  of  the 
Bafe  of  the  'Tube  AB,  to  that  Bafe  of  the  Tube  CE,  an^ 
of  the  Ratio  of  i  to  3  ;  or  of  that  of  the  Height  of  the 
Tube  AB,  to  that  of  the  Height  of  the  Tube  CE. 

* 

SCHOLIUM. 

If  the  Two  Tubes  AB,  CE,  communicate  with  each 
other,  by  a  third  Tube  AC,  parallel  to  the  Horizon,  it  will 
make  aMachine,  which  is  call’d  a  Leaver  of  Water,  which  is 
fuch  as  that  the  Tube  AB,  will  contain  at  a  certain  HeightFour 
times  as  much  as  the  Tube  CE,  at  the  fame  Height  ;  becauCfe 
we  have  fuppos’d  the  Bafe  of  the  Tube  AB,  to  be  Four  times 
çhat  of  the  Tube  CE  :  and  by  the  fame  reafon,  the  Wate^ 

in 
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in  defcending  4  Inches,  for  Example,  in  the  Tube  CE,  ViiWVhte  2^.’ 
rife  but  One  Inch  in  the  Tube  AB.  fig,  i22« 

To  the  end  that  we  may  explain  what  we  have  been  faying, 
we’ll  add  a  Cock  FG,  to  the  Tube  of  Communication  AC,  \ 

to  open,  when  we  have  a  mind  to  make  the  Water  contain’d* 
in  the  Tube  CE  rife,  and  afcend  through  the  Tube  AB,  ^ 
by  palling  through  the  Tube  of  Communication  AC.  But  if 
we  put  Wine  in  the  Tube  AB,  to  a  certain  Height,  and  that 
we  fill  with  Water  the  other  Tube  CE  ;  by  opening  foftly 
the  Cock  FG,  the  Water  iir  the  Tube  CE  will  drive  up  the 
Wine,  and  will  make  it  rife  unmixt  in  the  Tube  AB,  be- 
caufe  Wine  has  lefs  Specifick  Gravity  than  Water. 

THEOREM  III. 

If  Two  Tubes  of  unequal  Bignefs  communicate  by 
means  of  a  third  Tube  parallel  to  the  Horizon  ;  the 
Liquor  pouf  d  into  one  ofem^  will  rife  up  to  aLevel 
in  the  other  Tube, 

Each  of  there  Two  Tubes  may  be  perpendicular  to  the 
Horizon,  or  the  One  may  be  Inclin’d  and  the  Other  Per¬ 
pendicular  to  the  Horizon,  or  Both  may  be  Inclin’d  to  the  Ho¬ 
rizon.  In  any  of  thefe  Cafes,  I  fay,  that  if  any  Liquor  be 
pour’d  into  one  of  thefe  Two  Tubes,  as  high  as  you  plcafe, 
this  Liquor  will  come  to  a  Level,  that  is,  will  ftand  at  equal 
Height  in  both.  Tubes. 

Demonftration  of  the  F irfl  Cafe, 

Firfl:,  If  the  Two  Tiibes  AB,  CD,  are  perpendicular  to  ^ 
the  Horizon,  and  then  you  take  from  the  biggefl:  AB,  the 
part  EF  equal  to  the  Bignefs  of  the  Smalleft  CD,  you  will 
cafily  know  that  the  Liquor  in  CD  muft  be  of  the  fame 
Height,  and  remain  in  Æo[mlibrio ,  with  the  Liquor  in  the 
Tube  EF,  which  you  mull  conceive  feparately  from  the 
Tube  AB,  becaufe  thofe  Two  Tubes  CD,  EF,  being  equal, 
the  Liquor  will  have  as  much  Force  to  rife  in  the  One  as 
in  the  Other  :  Now  tho*  the  Liquor  of  the  Tube  EF  is  not 
in  a  Pipe  feparate  from  the  whole  Tube  AB,  neverthelefs 
the  Effeft  of  it  can  neither  be  help’d  nor  hinder’d,  by  the 
Reft  of  the  Liquor  of  the  Tube  AB,  becaufe  it  does  not  adhere 
to  the  Reft,  all  the  parts  of  any  Liquor  being  fo  little  united 
to  one  another,  as  not  to  be  able  to  retain  one  another  ;  and 
fo  the  EIFeftof  the  Liquor  in  Tube  EF,  and  that  of  the  re¬ 
maining  part  in  AB,  and  confequently  the  EfFecl  of  both  to^ 
gether,  that  is,  of  the  whole  Cylinder  AB  is  the  fame.  Where¬ 
fore  fince  the  Liquor  of  EF  is  in  ÆçfuiliHo  and  level 

with 
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Plate  14.  with  that  in  CD,  all  the  Liquor  in  AB,  tho’  it  be  in  greater 

Fig,  iiy.  Quantity,  ought  to  remain  in  Æquilibrio,  and  at  the  fame 
Height  with  that  in  CD.  ^E.  D. 

T>emonJÎYation  of  the  Second  Cafe\ 

Fis:.  ii6.  If  the  Tube  AB  be  Inclin’d  to  the  Horizon,  and  the  other 
Tube  CD  be  Perpendicular  to  the  Horizon  ;  imagine  upon 
the  Bafe  of  the  Tube  AB,  the  Tube  AE  perpendicular  to 
the  Horizon,  and  of  the  fame  Height  as  the  Tube  AB,  to 
which  it  muft  confequently  be  equal,  and  equally  heavy, 
w'hen  fill’d  with  the  fame  Liquor,  which  will  caufe  the  Li¬ 
quor  at  A  to  be  equally  prefs’d  by  that  which  is  contain’d 
in  the  Inclin’d  Pipe  AB,  and  by  that  in  the  Perpendicular  Pipe 
AET,  whofe  efFeà  therefore  will  be  the  fame,  as  if  it  was  in 
the  Inclin’d  Pipe  AB  ;  that  is,  the  Liquor  contain’d  in  the 
Inclin’d  Prifm  AB,  muft  as  in  the  Perpendicular  AE  remain 
in  Æquilihioy  and  level  with  that  of  the  perpendicular  Pipe 
CD.  ^E,D. 

7)emon[lration  of  the  Third  Cafe. 

Laftly,  If  both  of  the  Tubes  AB,  CD,  are  Inclin’d  to  the 
pjorizon,  you  muft  likewife  imagine  upon  the  Bafe  of  the 
Tube  CD  a  Tube  CF  of  the  fame  Height  to  be  perpendi¬ 
cular,  afrer  which  you  will  by  the  foregoing  Cafe  know,  that 
the  elFcft  of  the  Tube  AB  is  the  fame  as  that  of  the  Tube 
AE,  and  likewife  that  the  Elfedl  of  the  Tube  CD  is  the  fame 
with  that  of  the  Tube  CF  ;  and  as  in  the  firft  Cafe  the  effcft 
of  the  Two  Perpendicular  Tubes  AE,  CF,  is  the  fame;  it  is 
eafy  to  conclude,  that  it  ought  likewife  to  be  the  fame  in  the 
Two  Inclin’d  Tubes  AB,  CD  ;  thatis^  the  Liquor  which 
is  pour’d  into  one  of  them,  will  rife  to  a  level  in  the  other. 
Which  was  left  to  be  dewon^ated. 

SCHOLIUM. 

Thus  we  learn  from  this  Propofition,  the  Reafon  of  what 
Experience  Ihews  us  every  Day,  {'vix,.)  That  Water  rifes  as 
high  as  its  Spring,  when  it  runs  thro’  a  Pipe  which  contains 
it,  otherwife  the  Refiftance  of  the  Air,  the  Winds,  and  the 
Weight  of  the  Water,  wou’d  hinder  it  from  rifing  a?  high  as 
its  Spring,  as  may  be  fecn  in  the  Jetto’s  of  Fountains. 

,  LEMMAv 
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LEMMA. 

Jf  Two  Cylinders  of  equal  Thicinefs  and  JVeight  arc 
of  different  Matter^  their  lengths  will  he  to  one 
another  reciprocally  as  the  Specifick  Gravities  of 
their  Matters, 

ISay,  That  if  the  Two  Cylinders  AB,  CD,  are  of  equal  pUte  25',' 
Thicknefs  and  Weight,  but  of  different  Matter;  thep/^.  121, 
Specifick  Gravity  of  the  Matter  of  the  Cylinder  AB  :  is  to 
that  of  the  Cylinder  CD  :  ;  reciprocally  as  the  length  CD  ;  is 
to  the  length  AB  ;  fo  that  if  the  length  AB  be,  fir  Example^ 
twice  the  length  CD,  the  Specifick  Gravity  of  the  Matter 
of  the  Cylinder  CD  will  be  twice  as  great  as  the  Specificlc 
Gravity  of  the  Matter  of  the  Cylinder  AB  ;  becaufe  if  thefe 
Two  Cylinders  AB,  CD,  were  of  the  fame  Matter,  the  Cy¬ 
linder  AB  being  fuppos’d  double  the  Cylinder  CD,  wou’d 
Weigh  twice  as  much  ;  And  as  it  is  fuppos’d  to  Weigh  but 
juft  as  much,  its  Matter  muft  be  proportionably  of  a  lefs  Spfe- 
cifick  Gravity  than  the  Matter  of  the  Cylinder  CD, 

THEOREM  IV. 

Two  different  Liquors  being  pour'd  into  Two  Tuhes^ 
that  have  a  Communication  hy  a  Third  Tube  paral¬ 
lel  to  the  Horizon^  will  have  their  Heights  pro¬ 
portionable  to  their  Specifick,  Gravities^  when  their 
Relative  fVeights  come  to  be  Equal, 

ISay,  that  if  in  the  Tube  AB,  which  I  fuppofc  bigger  than  PUte  24 
the  Tube  CD,  there  be,  fir  Example^  Water  up  to  the  Eig,  125 
Height  AB,  and  in  the  Tube  CD,  Quickfilver  up  to  CG,  in 
fuch  manner,  that  thofe  Two  Liquors  may  be  in  Mquilibrio; 
che  Height  AB  of  the  Water:  will  be  to  the  Height  CG  of 
the  Quickfilver;:  reciprocally  as  the  Specifick  Gravity  of  the 
Quickfilver;  is  to  the  Specifick  Gravity  of  the  Water. 

DEMONSTRATION. 

If  you  imagine  (as  in  Prop.  3,)  within  the  biggeft  Tube 
AB,  the  Tube  EF  of  the  fame  bignefs  as  the  leafî  Tube  CD, 
you  wdll  know  that  the  Liquor  in  the  Tube  AB  will  have  the 
fame  Effeft  in  refpeft  of  the  Tube  CD,  as  if  it  was  but  in 
the  Tube  EF  w'hich  is  part  of  AB  ;  and  this  Tube  or  Cylin¬ 
der  EF  will  be  equal  in  Weight  to  the  Cylinder  CG  ;  becaufe 
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PUte  24.  the  T wo  Liquors  which  they  contain,  are  fuppos’d  to  be  in  1 
12^.  Æquihbrio^  which  fliews  by  the  foregoing  Lemma^  that  the 
Height  of  the  Cylinder  EF,  which  is  the  fame  as  that  of 
AB  :  is  to  the  Height  of  the  Cylinder  CG  ::  as  the  Specifick 
Gravity  of  the  Quick-Silver  contain’d  in  the  Cylinder  CG  : 
is  to  the  Specifick  Gravity  of  the  Water  contain’d  in  the 
Cylinder  EF,  which  is  fuppos’d  the  fame  with  that  contain’d 
in  the  Cylinder  AB.  D. 

SCHOLIUM. 

Pig.  Î24.  What  has  been  faid  in  this,  and  the  foregoing  Propofition, , 
may  alfo  be  underftood  of  the  Syphon,  which  is  a  Recurve 
Tube,  whofe  Two  partç  are  call’d  ;  it  being  plain 

that  a  Recurve  Tube  is  the  fame  thing  as  Two  Tubes,  which 
have  a  communication  by  means  of  a  third  Tube,  whicli  in 
a  Syphon  is  infinitely  fhort,  as  G,  by  means  of  which  the  Tw»  1 
Branches  GF,  GH,  communicate. 

t  H  E  0  R  E  M  V. 

If  a  Cylinder  of  any  heavy  Uiquor  he  ificlin^d  to  the 
'  Horizon.^  the  Relative  Weight  of  that  Liquor  Jn 
its  Tube  :  is  to  the  Force  by  vohich  it  endeavours 
to  go  out  at  Bottom  ::  as  the  Length  of  that  Tube  : 
is  to  its  Height, 

Plate  Say,  That  if  the  Tube  or  Cylinder  AB  inclin’d  to  the 

Pig.  128.  X  Horizon  AD,  be  fill’d  with  a  ponderous  Liquor,  for 

with  Water  ;  the  Relative  Gravity  of  that  Water 
in  the  Tube  AB  :  is  to  the  Force  with  which  it  endeavours 
to  get  out  thro’  A  the  Hole  at  Bottom  :  :  as  the  Length  AB  i 
is' to  the  Height  BC. 

DEMONSTRATION. 

If  the  Water  contain'd  in  the  Tube  AB,  be  confider’d  as  a 
Weight  which  endeavours  to  roll  down  an  Inclin’d  Plain, 
you  will  know  by  Prop.  i.  Chap.  2.  Book.  2.  that  the  Relative 
Gravity  of^  fuch  a  Weight  :  is  to  the  Force  which  it  has  to 
(lefeend  along  that  Plain  ;  :  as  the  length  of  the  faid  Plain  t 
is  to  its  Height  ;  whence  it  is  eafy  to  conclude  ;  That  the 
Relative  Gravity  of  the  Water  in  the  Tube  AB  :  is  to  the  • 
Force  with  which  it  endeavours  to  defeend  thro’ A,  the  Hole  ' 
at  Bottom  :  as  AB  the  length  of  the  Tube  ;  is  to  its  Height 
BC.  ^E.D. 

SCHOLIUM. 

Tho’  the  Tube  AB  Ihou’d  not  be  quire  full  of  Water,  as 
for  Example^  if  it  was  only  fill’d  up  to  fc,  yet  it  WOU’d  always 

be 


^  fleckaittclzj'  Tlate  2,^  .Tacfe  160  , 
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be  true  to  fay,  that  the  Relative  Gravity  of  the  Water  in  its  Plate  2^, 
Tube  AE  :  \vill  be  to  the  Force  wherewith  it  endeavours  to  Pig.  129, 
tlefcend  thro’  A  the  Hole  at  Bottom  ;  :  as  the  length  of  the 
Tube  AB  :  Î  is  ta  its  Height  BC  ;  becaufe  the  length  AB  ;  is- 
to  the  Height  BC:;  as  AE  the  length  of  the  Cylinder  of 
Water  is  to  its  Height  EF,  by  reafon  of  the  Similar  Tri¬ 
angles  ABC,  AEF,  &c. 


THEOREM  VI. 


If  a  Tube  perpendicular  to  the  Horizon^  and  higger  | 
at  One  ènd  than  the  Other is  fiWd  voith  dheaDy 
Li<juor^  that  Li<pmr  ^ill  have  the  fame  Force  to 
gd  out  at  Bottom^  as  if  that  Hole  voas  equal  to  the 
Hole  in  the  Top* 

IT  is  evident  that  Water  (for  Example  )  contain’d  in  thei^'*’^*  *3®* 
Tube,  or  VelTcl  ABCD  perpendicular  to  the  Horizon, 
and  lirft  wider  at  top  than  at  bottom,  has  neither  more  nor 
lefs  Force  to  defeend  thro’  AB  the  Hole  at  bottom,  than  if 
the  faid  Hole  AB  fhou’d  be  of  the  fame  Diameter  with  the 
other  Hole  CD  ;  as  you  may  know  if  you  imagine  on  thé 
Bafe^AB  a  Cylinder  ABEF  of  the  fame  Height  with  the 
VelTcl,  and  perpendicular  to  the  Horizon,  for  then  it  will 
be  cafy  to  judge  that  fince  Water  only  gravitates  .perpendi¬ 
cularly,  no  more  of  it  than  what  is  contain’d  in  the  Cylinder 
ABEF,  prefTcs  upon  the  Bottom  AB,  and  what  is  contain’d 
in  the  reft  of  the  Vetfel  on  each  fide,  does  not  at  all  gravitate 
upon  the  Bottom  AB,  but  upon  the  Sides  or  inward  Surface 
of  the  Tube  ABCD.  Wherefore,  &c. 

If  the  Veffel  ABCD  be  larger  at  Bottom  than  at  Top^,  thatF/^. 
is,  if  the  Hole  AB  be  wider  than  the  Hole  CD,  conceiving 
likewife  üpon  the  Bafe  AB  the  Cylinder  ABEF  of  the  fame 
Height  as  the  VelTel,  and  perpendicular  to  the  Horizon,  it 
will  be  eafily  known  that  the  Parts  which  arc  in  the  upper 
End  of  the  Veflel  ABCD,  not  only  prefs  upon  thofe  which 
are  perpendicularly  undèrthem,  but  by  their  continual  mo¬ 
tion,  prefs  alfo  the  parts  which  are  on  every  fide  ;  wherefore 
the  parts  A  and  B  are  as  much  prefs ’d  as  thé  part  G,  and  the 
whole  Bottom  AB  is  as  much  prefs’d  as  if  the  (ides  of  thé 


Tube  ABCD,  were  the  fides  AF,  BE,  of  the  Cylinder  ABEF, 


Or  rather  1  as  if  the  Hole  at  Top  was  equal  to  that  at  Bottom. 


t 
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COROLLARY. 

Plate  25,  jf  Js  evident  from  this  Propofition,  That  if  feveral  VefTcIs 
LfJ’.  ^31.  of  different  Figure,  but  of  the  fame  Height,  and  perpendi¬ 
cular  to  the  Horizon,  be  filfd  with  the  fame  Liquor  ;  if  they 
have  their  Bottoms  of  the  fame  bignefs,  all  thofe  Bottoms 
will  be  equally  prefs’d. 

THEOREM  VII. 

A  Body  whofe  JV ùgbt  is  equal  to  a  Bulk  of  the  Z/* 
quor  of  the  h^gnefs  of  the  place  that  it  takes,  up, 
will  remain  in  Æq.iiilibrio,  in  a  VeJJel  fuU  of  the 
fame  Liquor. 

ISay,  That  if  the  Weight  of  the  Body  À,  which  is  immers’d 
in.  the  Liquor  of  the  Vcffel  BC,  be  equal  to  the  Weight 
of  that  Bulk  of  the  fame  Liquor,  (Water  for  Example')  whofe 
room  it  takes  up  ;  what  ever  Poficion  or  Place  it  be  put  into, 
in  the  Veffel  BC,  it  will  remain  in  Æquilîbrio  ;  that  is,  it 
will  neither  rife  nor  fall,  becaufe  that  Body  A  has  juft  as 
much  Force  as  the  Water  which  wou’d  be  in  its  room,  fince 
it  is  fuppos’d  as  heavy  as  that  Water,  and  that  the  faid  Water 
Wou’d”  be  at  reft,  if  it  was  in  the  place  of  the  Body  ;  becaufe 
one  Liquor  does  not  drive  av/ay  another  of  the  fame  Speci- 
lick  Gravity, 

SCHOLIUM- 

After  the  fame  manner  you  may  know,  that  if  the  6ody  A 
was  but  partly  immers’d  in  Water  ;  fo  that  a  Bulk  of  Water 
equal  to  the  immers’d  Part  Ihou’d  be  as  heavy  as  the  whole 
Body  A;  that  Body  A  wou’d  remain  in  Æqtiilîbrio  -y  that  isj 
it  wou’d  not  fink  any  lower,  or  caufe  the  Water  to  rife  any 
higher.  ' 

COROLL  ARY  I. 

This  fhews  the  reafon  why  one  cannot  Fathom  the  Depth 
of  fome  Seas  with  a  Weight  tied  to  a  long  Line  ;  becaufe,  tho* 
the  Lead  be  Specifically  heavier  than.  Water,  yet  if  the  Line  * 
be  Specifically  lighter  than  Water,  w'hen  the  Depth  is  very  ' 
great,  and  the  Weight  a  fmall  one,  fuch  a  quantity  of  Line 
will  be  requir’d,  that  together  with  its  Lead  it  may  take  up 
the  Space  of  as  much  Water  as  is  heavier  than  all  the  Rope 
and  Lead  ;  and  in  fuch  a  Cafe,  the  Plummet  will  fink  no  || 
deeper,  and  therefore  not  Ihew  of  what  depth  that  Sea  is.  H 

COROL-  K 
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COROLLARY  IL 

O 

It  fhews  alfo  the  reafon  why  yc}u  don’t  feel  the  Weight  of 
the  Bucket,  when  you  draw  Water,  till  after  it  is  out  of  the 
Water  ;  becaufe,  before,  it  was  fulhin’d  by  the  Water  whofc 
room  it  took  up.  But  for  all  thisj  you  muft  not  think  that 
Water  does  not  weigh  in  its  Center;  which  wou’d  be  the 
fame  as  to  fuppofe  that  a  Weight  ceafes  to  be  heavy  in  the 
Scale  of  a  Balance,  becaufe  vve  don’t  perceive  its  Gravity 
when  an  equal  Weight  apply’d  in  the  other  Scale  keeps  it  iii 
Æffuilibrio. 

COROLLARY  III. 

From  this  Propofition  it  is  eafy  to  conclude,  That  a  Body 
heavier  than  that  Bulk  of  Water,  whofe  room  it  takes  upj 
muft  fink  wholly,  and  go  to  the  Bottom.  Whence  it  followsj, 
that  a  Liquor  Specifically  heavier  than  another  Liquor,  will 
fink,  when  pour’d  on  this  laftj  and  go  to  the  lowefi  place^ 
caufing  the  lightefl:  Liquor  to  aRend. 

C  O  R  O  L  L  A  R  Y  IV. 

One  may  alfo  eafily  conclude,  That  a  Body  lighter  than  2 
that  Bulk  of  the  Liquor  whofc  room  it  takes  up,  ought  not  fig 
to  fink  over  head  into  the  faid  Liquor,  and  therefore  that 
a  little  Height  of  the  Liquor  is  able  to  fuftain  it.  Whence  it 
!  follows,  That  a  Liquor  whofe  Specifick  Gravity  is  lefs  than 
1  that  of  another,  will  remain  at  Top  without  mixing,  if  it 
j  be  pour’d  on  foftly,  and  efpecially  when  it  is  fenfibly  of  a 
lefs  Specifick  Gravity  than  the  other,  as  Oil  in  rcfpeO:  of 
Water,  or  Water  in  refpe£t  of  Quick-Silver. 

Thus  it  is  no  wonder,  th*at  a  Ship  which  had  fail’d  very 
fafely  in  the  Open  Sea,  has  Sunk  and  been  loft  in  the  Mouth 
of  a  River  of  Frefli  Water  ;  becaufe  the  Sea-water  is  heavier 
than  Frelli  Water  :  For  tho’  the  Burthen  of  the  Ship  be  lighter 
than  that  Bulk  of  Salt-water  whofe  room  the  Ship  takes  up, 

iwhen  it  is  in  the  Open  Sea,  and  fo  the  VelTel  is  fuftain’d  ; 
it  is  heavier  than  that  Bulk  of  Frelh  Water  whofe  room  the 
Ship  takes  up  in  a  River,  and  fotheVeftel  finks,  becaufe 
there  is  not  Force  enough  to  fuftain  it,  it  being  certain  that 
the  Specifick  Gravity  of  Sea-water  is  much  greater  than  thac 
of  River,  Well,  or  Spring-water. 

Neither  is  there  any  reafon  to  wonder,  why  a  Log  of 
\  Wood  after  fwimming  a  long  time  upon  the  Water,  finks  at 
1  laft  ;  becaufe  fuch  a  piece  of  Wood  may  be  of  the  fame,  or 
:  of  a  greater  Specificfe  Gravity  than  Water,  without  finking 

L  2  by 
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Plate  25. by  reafon  of  the  Pores  which  it  may  have;  for  thofe  Pores 
Fig.  1 3  2,  being  fill’d  with  Air,  that  Air  and  Wood  make  up  One 
Whole  lighter  than  that  Bulk  of  Water  whofe  rooni  is  taken 
up,  which  is  the  reafon  why  it  does  not  fink:  But  the  Water 
infinuating  it  felf  by  degrees  into  the  Pores,  drives  out  the 
Air  contain’d  in  them  and  fupplies  its  place  ;  and  then  the 
Water  in  the  Pores,  and  the  Wood  make  up  One  Whole 
heavier  than  the  Water  whofe  room  it  takes  up,  and  fo  it 
mufi:  fink  of  courfe. 

It  is  alfo  eafy  to  underftand  why  Birds  Fly  in  the  Air 
Specifically  lighter  than  themlelves:  And  why  Men  Swim 
in  Water  Specifically  lighter  than  themfelves  ;  becaiife  the 
Birds  beat  the  Air  with  their  Wings,  and  Men  the  Water 
with  their  Hands  and  Legs,  which  renders  them  lefs  heavy, 
becaufe  their  Motion  is  Horizontal  ;  befides  the  Motion 
which  they  give  the  Liquor,  caufes  that  Liquor  under  them 
to  prefs  underneath  againft  them  more  than  it  is  prefs’d  f. 

COROLLARY  V. 


/ 


It  follow^s  alfo,  That  the  fame  Body  finks  differe'ntly  in 
Liquors  of  different  Specifick  Gravities,  and  deepefl:  in  the 
lighted  Liquor.  Thus  we  fee  that  a  laden  Ship  finks  deeper' 
(or  draws  more  Water)  in  a  River,  than  it  does  in  the  Sea  ; 
becaufe  as  we  have  already  obfervVl,  River-Water  is  lighter 
than  Sea- Water  ;  and  this  fometimes  caufes  the  Veffel  to  fink» 

COROLLARY  VÎ. 


It  follows  likewife,  That  a  Body  weigh  lefs  in  Water  than 
In  Air,  by  juft  fo  much  as  is  the  Weight  of  an  equal  Bulk  of 
Water  ;  that  is,  of  as  much  Wafer  as  it  takes  up  the  room  of. 
Whence  it  follows,  That  if  a  Balance  laden  with  Two  forts 
of  Metals  of  different  Specifick  Gravities  be  in  Æquiltbrio  in 
the  Air,  it  will  lofe  its  Æquilibrium  in  the  Water;  becaufe 
the  Metals  being  fuppos’d  differentj  will  not  lofe  of  their 
Weight  equally  in  Water,  it  being  certain  that  that  Metal 
whofe  Specifick  Gravity  is  the  greateft,  will  lofe  lefs  of  its 
Weight  in  Water  than  the  other,  becaufe  it  takes  up  the 
room  of  a  lefs  Bulk  of  Water. 


t  Reaftion  is  the  caufe  of  this  :  For  finee  Adion  and  ReaSion  are  aivcays 
Equal  and  Contrary  ;  as  much  as  Men^  or  Birds  pujh  the  Water .y  or  Mr  Back- 
wards  with  their  Hands-;  and  LegSy  or  IVings  ;  fo  much  does  the  Air  pufh 
them  forwards.  This  holds  true  even  when  they  Swim  or  Fly  upwards;  for 
the  Force  of  Gravity  continually  endeavours  to  prefs  '■em  downwards^  yet 
if  they  beat  the  Fluids  which  they  are  iuy  with  a  greater  Force  than  that 
which  Gravity  is  pufhingthem  down  with)  that  Fluid  will  rea£t  with  the  fame 
Force^  and  fo  caufe  them  to  afeend. 
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COROLLARY  VIL 

\ 

Laftl.y,  k  follows,  That  tho’  Metals,  are  heavier  than 
Water,  yet  a  Hollow  Globe  of  Iron  muft  Swim  upon  the 
Warerj  if  fuch  a  Globe  with  the  Air  contain’d  in  it  be  no 
heavier  than  an  equal  Bulk  of  Water;  fince  no  Heavy  Body 
can  fink  over  Head  unlefs  it  be  Heavier  than  an  equal  Bulk  of 
Water.  Thus  we  fee  Brafs  Swim  upon  the  Water  when  it 
is  hollow,  as  Kettles  ;  and  fink  when  it  is  in  a  lump, 

Neverthelefs  it  happens  that  a  common  Iron  or  Steel- 
Needle,  which  is  not  wet,  will  Swim  if  it  be  laid  gently  on 
the  Top  of  Handing  Water,  but  this  happens  by  reafon  of  the'- 
dry  nefs  of  the  Needle  to  which  the  Water  refifts.  And  as 
the  Property  of  Iron  when  it  is  Free  and  in  ÆquilîhrÎQ,  is  tp 
turn  towards  the  Pole,  Experience  will  fliew  that  a  Steel- 
Needle  laid  along  upon  the  Surface  of  a  Hill  Water  will  turn 
round  feveral  times  ;  and  then  fettle  with  one  of  its  ends  to¬ 
wards  the  North,  and  the  other  towards  the  South. 

T  H  E  O  R  E  M  VIII. 

A  Trtfm^  wbqfe  Sped  fid  Gravity  is  lefs  than  that 
of  the  tv zter,  being  put  into  the  Bottom  of  a 
Vefjelvûiühe  in  Æquiiîbrio,  fo  much  Water 
is  pour'd  into  the  J aid  Vejjely  that  the  Height  of 
the  Water  :  [hall  he  to  the  Height  of  the  Trifm  :  : 

I  reciprocally  as  the  Specifick  Gravity  of  the  Trifm  : 
is  to  that  of  the  Water,  ^ 

I  Say,  That  if  the  Prifm  ABCD,  of  a  lefs  Specifick  Gravity  Plate  le, 
than  Water,  be  laid  in  the  Bottom  of  the  VeHel  EFGH,  fig, 
it  will  be  in  Æ.quilibrio,  when  Water  is  pour’d  in  to  fuch  an  ^ 
Height,  that  That  Height  AT  :  may  be  to  AD  the  Height  of 
the  Prifm  :  ;  reciprocally  as  the  Specifick  Gravity  of  the  faid 
I  Prifm:  is  to  the  Specifick  Gravity  of  the  Water. 

1 

:  DEMONSTRATION. 

I 

i  For  fince  AI  :  is  to  AD  :  :  as  the  Specifick  Gravity  of  tho 
[  Prifm  ABCD  is  to  that  of  the  Water,  by  Supf.  If  in  the  place 
Ï  of  the  Two  firH  Terms  AI,  AD,  you  put  the  Prifms  ABKT, 

^  ABCD,  which  are  in  the  fame  Ratio,  becaufc  they  have  equal 
I  Bafes,  you  will  know  that  the  Prifm  ABKI  ;  is  to  the  Prifm 
\  ABCD  :  ;  as  the  Specifick  Gravity  of  the  Prifin  ABCD  :  is  to 
r  fi^tof  the.  Water;  fo  that  if  the  Prifm  ABKI  is  half  of  the 

L  3  ‘Prifm? 
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Prifm,  AB  CD,  the  Specifîck  Gravity  of  the  Prifm  ABCD 
will  alfo  be  half  the  Specifîck  Gravity  of  the  Water;  and  as 
the  Prifni  ABIK  weighs  alfo  but  half  of  the  Prifm  ABCDi 
becaufe  it  has  been  fuppos’d  equal  to  half  of  it,  it  follows, 
That  the  Gravity  of  the  Prifm  ABIK,  is  equal  to  that  of  the 
Water,  and  confequently,  by  Prop.  7.  that  the  Prifm  ABCD 
is  in  Æquîlibrie.  ^E.D. 

COROLLARY. 

From  this  Propofîtîon  it  is  plain,  That  if  you  wou’d  caufe 
a  Prilm  to  rife  in  a  Vefîel,  by  means  of  a  Liquor  Specifîcally 
Heavier  than  the  faid  Prifm,  you  mufl:  pour  in  fo  much  of 
^he  Liquor,  that  the  Height  of  the  Liquor  may  to  be  the 
Height  of  the  Prifm  in  a  Ratio  fomething  Greater  than  the 
Specifîck  Gravity  of  the  Prifm  is  to  the  Specifîck  Gravity  of 
of  the  Liquor. 


CHAPTER  IT. 

•  Of  the  Problems. 

Most  of  the  HydroHatical  Problems  are  very  Pleafanc 
and  Profitable  for  the  Ufes  of  Human  Life;  we  ihall 
only  give  here  the  moft  Necefiary,  leaving  thofe  that  are 
Pleafant  and  Curious  for  our  Mathematical  and  Phyfical  Re¬ 
creations. 

PROBLEM  1. 

How  to  find  out  what  Troportion  the  Spedfick  Gra¬ 
vities  of  fever al  different  Liquors  hear  to  one 
another. 

'  ê , 

\ 

Take  a  long  Tube  of  Glafs,  as  AB,  whofe  upper  End 
A  muft  be  Seal’d  Hermetically ,  that  is,  with  the  Glafs 
of  the  Tube  it  felf,  melted  at  the  Flame  offuch  a  Lamp  as  is 
us’d  f)y  Enamellers,  and  the  other  end  B  muft  have  the  Ball 
or  Bubble  C  which  communicates  with  the  Tube  AB,  full 
of  Air,  fo  that  the  Figure  ABC,  reprefents  a  Bottle,  whofe 
Neck  is  AB,  which  muft  be  divided  into  a  certain  Number 
of  equal  Parts  or  Degrees,  which  will  fhew  how  much  oiie 
Liquor  is  heavier  than  another  ;  for  if  the  Inftrument  AC  be 
pur  into  the  Liquor  FG,  contain’d  in  the  Veftel  HIK,  adding 
to  its  under  Part  a  little  Balb  as  D,  with  Quickfilver  in  it, 
'  f  ■>'  >  which 
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which  is  the  heaviefl:  of  Liquors,  as  the  Air  containM  in  AC 
is  the  lighted  of  Liquors  ;  or  inftead  of  Quickfilver,  you 
may  hook  on  a  little  Weight  as  E  at  the  bottom,  which  will  by 
its  Gravity  caufe  the  Inftrument  to  defcend  Perpendicularly, 
and  fink  more  or  lefs  in  the  Liquor,  as  the  Liquor  is  lighter 
or  heavier,  the  Proportion  of  which  may  be  known  by  the 
number  of  Degrees,  or  equal  Parts  of  the  Tube  AB,  which 
will  fink  into  the  Liquor.  This  Problem  may  be  alfo  folv’d  by 
means  of  the  following. 

PROBLEM  IT. 

How  to  find  the  Troportion  between  the  Specifick 
Gravity  of  a  Liquor  and  that  of  a  SoJid^  fpsci- 
fically  Heavier  than  the  [aid  Liquor. 

TO  find  the  Proportion  between  the  fpecifick  Gravity 
of  a  Metal  and  that  of  a  Liquor,  weigh  in  the  Air 
with  a  nice  pair  of  Scales,  a  piece  of  the  Metal,  whofe 
Weight  we  will  fuppofe  lo  lih.  and  having  faften’d  the  fame 
Piece  of  Metal  to  one  of  the  Scales  of  the  Balance  with  a 
filken  Thread,  or  Horfe-Hair,  weigh  it  in  the  propos’d  Li¬ 
quor,  in  fuch  manner  that  it  be  wholly  cover’d  by  the  Liquor, 
without  letting  the  Scale  touch  the  Liquor,  and  if  its  Weight 
then  be,  Example,  9  lib.  which  is  One  Pound  lefs  than  it 
weigh’d  in  the  Air  ;  This  difference  will  fhew  that  a  Bulk  of 
the  propos’d  Liquor  equal  to  that  of  the  Piece  of  Metal 
weighs  One  Pound,  and  conlequently  that  in  this ‘Example, 
the  fpecifick  Gravity  of  the  Metal  is  Ten  times  greater  than 
the  fpecifick  Gravity  of  the  Liquor. 

By  this  Method  it  has  been  found  that  Gold  lofes  in  Water 
about  One  Ninteenth  Part  of  its  Weight,  Mercury  or  Quick- 

l  I  I  I  '£  I 

filver  ,  Lead  hh,  Silver  Copper  ,  Iron  ►-<,  Tin 
15  t2  10  9  87 

and  fomething  more,  it  being  certain  that  any  Body  lofes  of 
its  Weight  in  Water  in  proportion  to  that  Water  whofe  ' 
room  it  takes  up,  fo  that  if  that  Bulk  of  Water  weighs  One 
Pound,  the  Body  will  weigh  One  Pound  lefs  than  it  did  in 
the  Air,  as  well  becaufe  the  Water  being  divided  with  diffi¬ 
culty  fupports  more,  as  becaufe  when  it  is  forcM  out  of  its 
1  place,  it  endeavours  to  return  into  it,  and  prefiès  propor- 
tionably  the  other  parts  of  the  Water  which  encompafs  the 
Body. 

It  is  alfo  by  this  means  that  it  is  known,  that  if  you  take 
:  equal  Bulks  of  Metal  and  of’ Water,  if  the  Water  weigh  10 

i  lib.  Tin  will  'vyeigh  75,  Iron  almofi  81,  Copper  91,  Silver 

L  4  104, 
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I  I 

>104,  Lead  ii^  H-,  Mercury  150,  aud  Gold  187  ^  lib.  This 
,  .  ’  2  2 

Proportion  will  appear  the  better  by  the  following  Table 
which  wc  have  taken  from  Father  Ue  Chales  Hydroftaticks. 

COROLLARY. 

jFrom  thisProblem  is  eahly  deduc’d  the  manner  of  knowing 
what  Proportion  the  fpecifick  Gravities  of  Metals  and  Li¬ 
quors  bear  to  one  another,  of  Liquors  themfelves,  and  of 
Metals  and  Liquors  of  the  fame  Species  which  have  feme 
difference  ;  for  if  you  know  what  Proportion  a  Liquor  bears 
to  fuch  and  fuch  Metals, you  will  know  what  Proportion  they 
bear  to  one  another  ;  And  likewife  if  you  know  what  Pro¬ 
portion  a  Metal  bears  to  fuch  and  fuch  Liquors,  you  may 
know  what  Proportion  thofe  Liquors  bear  to  one  another. 
As  if  you  know  that  the  fpecifick  Gravity  of  frefii  Water  is 
to  that  of  Gold,  as  i  to  19,  and  to  that  of  Lead,  as  i  to  ii, 
you  may  conclude,  that  the  fpecifick  Gravity  of  Gold:  is  to 
the  fpecifick  Gravity  of  Lead:;  as  19;  to  ii.  Likewife, 
knowing  the  fpecifick  Gravity  of  Gold  to  be  to  that  of  Frefh 
Water  as  19  to  i,  and  to  that  of  Mercury,  as  19  to  14,  one 
may  conclude,  that  the  fpecifick  Gravity  of  Water;  is  to  the 
fpecifick  Gravity  of  Quickfilver  :  ;  as  i;  to  14. 

'  According  to  this  Method  is  the  following  Table  made, 
which  fhews  in  Number’s  the  Proportion  of  the  different 
Weight'  of  Metals,  of  Liquors,  and  of  Stone  of  the  fame 
Bulk.  Thus  you  fee,  that  fuppofing  a  determinate  Bulk  of 
Gold  to  w^eigh  iog  lib.  tht  fame  Bulk  of  Mercury  will 

I  I 

weigh  71  lib,  the  fame  Bulk  of  or  Lead  60  »-«  lib,  and  fo 
of  the  refis 
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Matters^ 

Fine  Gold 
Mercury 

Lead 

Silver 


Copper 

Latten* 
Common  Iron 
Common  Tin 


Fine  Pewter 

Load-Stone 

Marble 

Stone 


Chryftal 

Water 

Wine 

Wax 

Oil 


Pounds^ 

loo 

'  I 

7IN^ 

2 

1 

2 
I 

54*-* 


47» 

42 

39 


38»- 

26 

'21 


'  "  'r  '  ’  }t  ' 


J2' 


2 

2 


3 

I 


After  the  fame  Manner  Is  this  other  following  Table  cal¬ 
culated,  where  you  may  know  the  Weight  of  a  Cubick  Foot, 
and  that  of  a  Cubick  Inch  of  different  Bodies  ;  where  you 
muft  obfervc  that  the  Pound  is  of  Two  Marks,  of  16  Ouncess 
:the  Mark  of  8  Ounces:  the  Ounce  of  8  Drams:  the  Dram  of 
’Tjiree  Penny-Weighti  or  72  Grains:  the  Penny-Weight  2 
'Mailles  or  34  Grains:  and  the  Maille  12  Grains. 


I 
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W.  of  a  Cubick  Foot 

W.ofa  Cubick  Inch. 

•  Matters. 

Pounds^ 

Ounces. 

Ounces,  Drams.  Grains, 

Gold 

1326. 

4. 

12. 

•  2. 

17. 

Mercury 

94(5. 

10. 

8. 

6. 

8. 

Lead 

802 

7* 

3. 

30, 

Silver 

720! 

(■  12. 

6. 

5. 

28. 

Copper 

627. 

12. 

S- 

6. 

3(5. 

Iron 

55S. 

0. 

5- 

I. 

24. 

Tin 

$16. 

2. 

4. 

6.  ■ 

17. 

White  Marble 

'  188. 

12. 

I. 

6. 

0. 

Free  Stone 

139. 

8. 

I. 

2* 

24. 

Water  of  the 

12. 

0. 

C 

12. 

Wine 

68. 

6. 

0. 

5- 

5. 

Wax 

66, 

4- 

0.  * 

4  • 

d5. 

Oil 

64.. 

0. 

0. 

4. 

43. 

Uried  Oak  ^  c 

58. 

4- 

0. 

4, 

22. 

Walnut-Tree . 

1  41, 

12. 

0. 

3- 

6. 

; 

The  Weight  of  a  Cubick  Foot  of  any  Matter  once  known, 
It  is  eafy  to  know  that  of  an  Inch  of  the  fame  Matter,  ntiz. 
by  dividing  the  known  Weight  of  the  Cubick  Foot, by  1728, 
becaufe  a  Cubick  Foot  contains  1728  Cubiçk  Inches^  Thus 
knowing  that  a  Cubick  Foot  of  Fine  Gold  weighs  1226 
Pounds  and  4  Ounces,  if  you  divide  that  Weight  by  1728, 
the  Quotient  will  be  12  Ounces,  2  Penny-Weight,  and  17 
Grains  for  the  Weight  of  a  Cubick  Inch  of  Gold  ;  and  re? 
ciprocally  if  the  Weight  of  a  Cubick  Inch  of  any  Matter  be 
known,  you  will  have  the  Weight  of  a  Cubick  Foot  of  the 
fame  Matter,  if  you  multiply  that  known  Weight  by  1728, 
Thus  fince  a  Cubick  Inch  of  Lead  weighs  7  Ounces,  3  Penny 
Weight,  and  30  Grains,  if  this  Weight  be  multiplied  by 
1728,  you  vs^ill  have  802  Pounds,  and  2  Ounces,  for  the 
Weight  of  a  Cubick  Foot  of  Lead. 

This  Table  may  ferve  to  find  out  the  Weight  of  a  Body, 
whofe  Solidity  is  known  ;  and  reciprocally  to  know  the  So¬ 
lidity  of  â  Body  whofe  Weight  istknown.  As  if  you  wou’d 
find  out  the'Weight  of  a  CarvM  Stone,  whofe  Solidity  is 
known,  and  is, /or  Example^oî  ^6  Cubick  Feet;  multiply  that 
Number  36  by  the  Weight  of  a* Cubick  Foot  of  Stone, 
which  in  the  foregoing  Table  is  r39  Pounds, 'and  8  Ounces, 
and  the  Produft  of  the  Multiplication  will  give  5040  Pounds 
for  the  Weight  of  the  Stone  propos'd,  &c. 


The 
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The  foregoing  Table  may  alfo  ferve  for  the  Conftrufllori 
of  the  following,  which  fhews  the  Specifick  Gravity  of  a 
Cylinclrick  Foot,  and  of  a  Cylindrick  Inch  of  Bodies  of 
different  Matter  ;  where  you  mufl:  obferve  that  by  a  Cjy/m- 
drick  Foot  we  iinderfland  a  Cylinder;  the  Diameter  of  whole 
Bafe  is  One  Foot,  and  its  Height  as  much  ;  and  by  a  Cylinm 
drick  Inch,  a  Cylinder  whofe  Height  is  an  Inch,  and  the  Di¬ 
ameter  of  whofe  Bafe  is  an  Inch. 

The  following  Table  has  been  made  by  means  of  the  fore¬ 
going,  by  multiplying  the  Weight  of  each  Body  that  you 
find  in  it,  always  by  1 1,  and  dividing  the  Produft  by  14  :  but 
if  you  wou’d  have  it  more  exa£i:,  you  mull:  Multiply  by  785, 
and  divide  by  1000. 

It  may  ferve  as  the  foregoing,  to  find  out  the  Weight  of  a 
Cylindrick  Body  if  you  know  its  Solidity,  or  only  its  Height 
and  the  Diameter  of  its  Bafe  ;  for  if  the  Square  of  the  Di¬ 
ameter  be  multiply’d  by  the  Fleight,  and  the  Product  by  the 
Weight  marked  in  the  Table,  you  will  have  the  Weight 
of  the  propos’d  Cylinder,  éi'c. 
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PROBLEM  III. 

How  to  -find  out  what  Burthen  a  Ship  cafi  carry  upon 
Frejhy  or  upon  Sait  iFater, 

IT  is  evident  by  what  has  been  faid  in  Theorem  7.  that  a  Ship 
can  carry  the  Weight  of  a  Bulb  of  Water  equal  toits 
Bulk,  allowing  for  the  Weight  of  the  Nails  and  Iron  Hoops 
that  bind  it  ;  for  without  the  Iron  it  wou’d  not  fink  when 
full  of  Water,  becaufe  the  Timber  of  which  it  is  made,  is 
very  near  of  the  fame  fpecifick  Gravity  as  the  Water. 

Therefore  to  folve  this  Problem,  you  muft  know  the  Ca¬ 
pacity  or  Bulk  of  the  V efiel,  and  likewife  the  fpecifick  Gra¬ 
vity  of  the  Water.  It  is  faid  that  a  Cubick  Foot  of  Sea- 
VVater  weighs  about  73  Pounds,  wherefore  if  the  Capacity 
or  Solidity  of  the  for  Pxam^le,  of  1000  Cubick 

Feet,  IVÏuItîpîying  1000 by  73  you  will  have  73000  lib.  for  tfie 
Burthen  of  th^^hip  ;  becaufe  a  Bulk  of  Water  of  1000  Cu¬ 
bick  Feet  weighs  73000  lib. 

SCHOLIUM. 

At  Sea  a  Ships  Burthen  is  not  exprefs’d  by  Pounds,. becaufe 
their  Numbers  vvouM  be  too  great  ;  but  by  Tiins^  being 
2000  lib.  or  Twenty  Hundred,  becaufe  a  Tun  fill’d  with 
Sea- Water  weighs  about  as  much.  So  when  we  fay  that  fucfi 
a  Ship  carries,  for  Example,  100  Tun,  w^e  mean  that  it  car¬ 
ries  20C000  lib.  or  2000  Hundred  Weight  ;  becaufe  the 
Hundred  at  Sea  is  always 

P  R  O  B  L  E  M  IV. 

Knowing  the  W ^ight  of  a  Trifm^  how  to  7nark  ex- 
afily  how  far  it  will finkinthe  hVater, 

IF  the  Prifm  ABGD  weighs,  for  Example,  3^^  Pounds, 
you  will  find  how  far  it  mufi:  fink  in  Water,  by  know¬ 
ing  the  fpecifick  Gravity  of  that  Water;  if  it  be  Sea- 
Water,  of  which  a  Cubick  Foot  weighs  73  lib.  you  muil: 
by  that  73,  divide  365^  the  Weight  of  the  Prifm  ABCD, 
and  the  Quotient  5  will  fhew,  that  5  Cubick  Feet  of  the 
faid  Water  weigh  alfo  365  Pounds.  Whence  it  is  eafy  to 
conclude,  that  the  Prifm  ABCD  will  fink  in  the  Water  , 
till  it  has  taken  up  the  Place  of  $  Cubick  Feet  :  And  therefore 
to  know  how  deep  it  ought  to  fink,  you  muft  aibotcom’take  ofÇ 

'a  Prifm 
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a  Prirm  of  $  Cubick  Feet,  of  the  fame  known  Safe,  becaufb 
that  of  the  Prifm  ABCD  is  known,  as  for  Example^  of  120 
fquare  Inches,  by  which,  dividing  y  Cubick  Fçct,  or  8640 
Cubick  Inches,  you  wnll  have  72  Inches,  or  6  Foot  (Long 
Meafure)  for  the  Height  AE,  to  which  ABCD  the  propos’d 
Prifm  will  fink  into  the  Water,  becaufe  the  Prifm  ABCEF, 
which  is  imraerg’d,  is  exactly  of  5  Cubick  Feet. 

SCHOLIUM. 

According  to  this  Method,  knowing  the  Burthen  and  the 
I  Bulk  of  a  Veflel,  as  of  the  Veflel  AB,  one  may  find  out  how 
:  deep  it  will  fink,  and  by  knowing  how  deep  it  will  fink,  one 
'  may  know  its  Burthen  ;  but  befides  the  Bulk  of  the  Veflel, 

^  you  mufi:  alfo  know  the  Solidity  of  every  one  of  its  Parts. 

-  If,  for  Example,  the  Solidity  from  the  Bottom  to  fuch  a 
:  Height  be  of  450  Cubick  Feet,  and  the  Burthen  of  the  Veflel 
be  32850//^.  which  is  the  Weight  of  450  Cubick  Feet  of  Sea- 
'  Water,  reckoning  73  hh.  for  the  Weight  of  One  Cubick  Foot, 

'  you  win  find  that  it  nmft  fink  in  the  Sea  fo  deep,  or  a  little 
deeper  ;  its  Burthen  will  be  known  by  the  Solidity  of  the  Parc 
i  which  finks  into  the  Water,  which  having  been  fuppos’d  of 
450  Cubick  Feet,  which  take  up  the  room  of  as  much  Water 
i  as  weighs  32850  lik  thofe  32850  Pounds  will  confequently 
I  be  the  Burthen  of  the  Veflel. 

i  P  .R  O  B  L  E  M  V. 

1: 

How  to  know  hy  Hydrofiaticks  if  a  douhtful  Tiece  of 
Money  j  Goldy  or  Silver^  he  Good  or  Beid. 

IF  you  queftion  the  Goodnefs  of  a  Piece  of  Gold,  tho’  it 
has  its  due  Weight,  procure  a  Piece  of  good  Gold  which 
weighs  as  much,  fo  that  each  be  Æcfuîlihrio  in  the  Air,  if- 
they  be  laid  in  the  Scales  of  an  exaft  Balance,  Then  weigh 
thole  Two  Pieces  of  Gold,  tying  them  to  the  Scales  of  the 
Balance  wfith  Thread,  or  Horfe-Hair,  that  they  may  fink 
into  the  Water  without  'wetting  the  Scales  ;  And  then  if 
thofe  Two  Pieces  of  Gold  be  equally  Good,  they  will  remain 
in  Æquîlibrio  as  well  in  the  Water  as  in  the  Air,  other  wife 
that  which  will  weigh  leaft  in  the  Water  will  be  Falfe  ;  that 
is,  mix’d  with  fome  other  Metal,  more  or  lefs,  according  as 
it  is  more  or  lefs  light  in  the  Water,  becaufe  differenc  Metals 
lofe  differently  of  their  Weight  in  Water,  That  lofmg  mofl: 
i  which  is  of  a  lefs  fpecifick  Gravity,  becaufe  it  is  fuflain’d  by 
I  a  greater  Bulk  of  Water,  becaufe,  that  it  may  w'eigh  as  much  • 
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as  another  Metal  of  a  greater  fpecifick  Gravity,  it  muft  have 
a  greater  Bulk,  which  will  take  up  more  room  in  the 
Water. 

SCHOLIUM. 

o 

Vitruv.  When  the  propos’d  Piece  of  Gold  or  Silver  is  of  a  con- 
^•9*  r.j,  liderable  bignefs,  (fuch  as  Was  the  Crown  of  Gold,  which 
Hiero^  King  of  Syracufa^  propos’d  to  Archimedes'^  to  know 
whether  the  Gold-fmith  had  employ’d  the  i8  lih.  of  pure 
Gold,  which  he  had  given  him  to  make  that  Crown  with, 
fufpefting  that  the  Gold-fmith  had  mix’d  a  great  deal  of 
Silver  with  it)  it  will  not  be  neceffary  to  weigh  the  Two 
pieces  of  Gold  in  Water,  but  it  will  |fuffice  to  immerge  ’em 
one  after  another,  in  a  VefTel  which  has  Water  in  it,  it  being 
certain  that  that  which  raifes  the  Water  higheflj  muft  neceffa- 
rily  be  falfe,  becaufe  tho’  it  is  equally  heavy,  it  muft  be 
greater  in  Bulk,  and  confequently,  mix’d  with  a  Metal  of  a 
lefs  fpecifick  Gravity. 

The  Story  fays  that  this  Thought  came  into  Archimedes’s 
Head  when  he  was  in  the  Bath,  becaufe  having  obferv’d  that 
his  Body  raised  the  Water  in  proportion  of  the  room  it  took 
lip,  he  guefs’d  that  by  that  means  he  might  eallly  find  out 
whether  there  was  any  Silver  mix’d  in  the  CroWn.  For  this 
end  he  procur’d  a  Lump  of  Silver,  and  a  Lump  of  Goldjf 
equal  in  Weight  to  the  Crownj  and  he  immerg’d  in  Water 
thofeTwo  Bodies  and  the  Crown,  one  after  another,  and 
perceiving  that  the  Silver  had  driven  more  Water  out  of  the 
Vcftel  than  the  Crown,  and.  the  Gold  ;  and  the  Crown  more 
than  the  Gold:  he  concluded  from  thence  that  the  Crown  was 
not  of  pure  Gold,  but  had  Silver  mixt,  fince  it  took  up  a 
greater  Space  in  the  Water. 

To  know  in  this  Example  what  Qùantity  of  Silver  the 
Gold-fmith  had  mix’d  in  the  Crown  of  Gold,  whofe  Weight 
has  been  fuppos’d  of  1 8  lib. or\Q  muft  exaftly  meafure  the  diffe¬ 
rent  Quantity  of  Water  which  will  correfpond  to  the  Bulk 
of  the  Crown, and  that  of  the  Two  Maffes  of  pure  Gold  and 
of  pure  Silver)  which  I  fuppofe  equal  in  Weight  to  the 
Crown,  and  confequently  unequal  in  Bulk;  after  which  one 
may  conclude,  that  if  the  Crown  takes  up  more  room  in  the 
,  Water  than  the  Mafs  of  Gold,  it  is  but  in  proportion  of  the 
Silver  which  is  mix’d  with  it,  the  Quantity  of  wdiich  may  be 
.  thus  known'by  the  Rule  of  Alligation. 

Let  us  fuppofe  the  Mafs  of  Gold  has  driven  out  One 
Pound  of  Water,  the  Mafs  of  Silver  One  Pound  and  a  Half, 
and  the  Crown  Ohe  Pound  and  a  Third  Part  ;  in  this  Sup- 
•  pofition  the  Gold  which  drives  out  One  Pound  muft  be 
mix’d  with  the  Silver  which  drives  out  One  Pound  and  a  Half, 

in 
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in  fuch  manner  that  both  together  may  drive  out  One  Pound 
and  a  Third  Part.  For  this  end  difpofe  the  3  known  Numbers 
.11  I 

I,  as  you  fee  ’em  here;  fo  that  the  Number  ii-< 

2  3  . 

which  anfwers  to  the  Number  which  we  want,  may  be  be¬ 
tween  the  Two  others. 


I 

r 

I  ^ 

s 

1 

Î  H-l. 

2 


1 

NH 

6 


I 


Then  write  down  thedifTerencet-iof  the  Two 
•  *  .  ^  5 

Firu  over  againft  the  Third  then  the  dif. 

2 

I 

ference  of  the  T wo  Laft  over  againft  the 

6  . .  ...  , 

Firft  r.  Laftly,  add  together  thefe  2  diiFerences 

II'  f 

and  divide  by  their  Sum  ,  the  Num- 

^3  2 


I 

ber  which  anfwers  to  the  Gold,  and  you 

I  6 

will  have  for  the  Quantity  of  Gold  which  was  in  the 

3  I  I 

Crown.  Divide  alfo  by  the  fame  Sum  •-< ,  the  Number 

2  23 

which  anfwers  to  the  Silver,  and  you  will  have  >-i  for  the 

5 

Quantity  of  Silver  that  was  in  the  Crown,  whofe  Weight 
being  of  18  lib.  it  will  appear  that  in  this  Suppofition  there 
was  in  the  Crown  Six  Pounds  of  Gold,  and  Twelve  Pounds 
of  Silver. 

If  you  wou’d  folve  this  Problem  by  Mgehra ,  you  muft 
confidcr,  that  fince  we  have  luppos’d  the  Gold  to  drive  out 
One  Pound  of  Water,  the  Silver  One  Pound  and  a  Half,  and 
the  Crown  One  Pound  and  a  Third  part,  it  is  the  fame  as 
if  a  certain  Meafure  of  Gold  fhou’d  weigh  One  Pound  , 
and  the  fame  Meafure  of  Silver  One  Pound  and  a  Half  ;  and 
we  ftiould  go  about  to  mix  thefe  Two  Metals  together  in 
fuch  manner,  that  a  Meafure  of  that  Mixture  fliou’d  weigh 
One  Pound  and  One  Third  part.  Therefore  it  is  requir’d 
that  we  find  out  what  Quantity  of  Gold,  and  what  Quantity 
of  Silver  muft  be  mix’d  together  to  make  One  Meafure  of 
their  Mixture  weigh  a  Pound  and  a  Third  part. 

In  order  to  this,  let  x  fignify  the  Number  of  Meafiires  at 
One  Pound  a  Meafure,  andjj'  the  Number  of  Meafures  at  One 
Pound  and  a  Half  a  Meafure,  and  then  the  Meafures  at  One 
Pound  a  Meafure  will  be  worth  ix,  and  the  Meafures  at  One 

? 

Pound  and  a  Half  a- Meafure  will  be  worth  *^7?  and  the  whole 

to- 
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together  will  be  worth  ix  y  :  and  as  the  Two  Numbers  of 

^  2 

Meafures  togetherj  or  w  muft  be  worth  One  Pound  and 
'  ...  44 

Gne  third,  the  Mixture  will  likewile  be  worth  *-«  a;  + 

3  3  4  3  f 

Therefore  you  wûll  have  this  Equation,  i::  -f  •-<  =:  >-•  w  q*  ^ 

.253 

which  being  multiplied  by  6,  to  avoid  Fractions,  you  will 
have  this  other  Equation^  6  «r  +  9^  =  8  +  8  j>,  from  which 
taking  6x  and  8j',  you  will  have  this,  y  =  ix,  which  ftiews 
that  inftead  of  y,  one  may  put  2X  ;  and  becaufe  we  have  fup- 
pos’d  the  Crown,  which  is  worth  x  +  y,  to  weigh  1 8  lib.  we 
lhall  have  this  Equation  x  ^  y  —  18,  and  if  inftead  of  y, 
you  put  its  known  Value  sat,  you  will  have  this  Equation 
—  18,  and  confequently  and  y  rz:  12,  which 

^ew$  that  in  the  Crown,  there  were  Six  Pounds  of  Gold 
and  Twelve  of  Silver. 

If  you  wou'd  not  have  recourfe  to  Algehr^t,  nor  to  the  Rule 
of  Alligation,  make  ufe  of  the  Rule  of  Proportion  ;  and 
confider,  that  fince  the  Mafs  of  Silver  w'hich  weighs  18 
Pounds,  drives  out  half  a  Pound  of  Water  more  than  the 
Gold,  and  the  Crown  which  w^eighs  likew^fe  1 8  Pounds 
drives  out  but  One  third  part  of  a  Pound  of  Water  more 
than  the  Gold,  by  reafon  of  the  Sijvèr  mix’d  with  it  f  you 
muft  fay,  If  Half  a  Pound  Excefs  ;  is  proportional  to  18  lib:\ 
what  will  One  third  of  a  Pound  Excefs  be  proportional  to  ? 
and  by  the  Rule  of  Three  direft,  you  will  find  1 2  Pounds  of 
Silver  mix’d  in  the  Crowm 

Inftead  of  Two  Maftes  of  the  fame  Weight  w'ith,  and 
different  Bulk  from,  the  Crowm  j  you  may  make  ufe  of  T  wo 
Maftes  of  the  fame  Bulk  and  different  Weight,  and  then  it 
is  evident  that  if  there  be  Silver  mix’d  in  the  Crwn,  it  will 
weigh  lefs  than  the  Mafs  of  Gold  in  Proportion  of  the  Silver 
mix’d  wnth  it,  which  you  may  find  out  thus. 

As  we  have  fuppos’d  the  Crown  to  wxigh  18  lib.  it  will 
weigh  more  than  the  Silver  in  proportion  to  the  Gold  that  it 
contains  :  wherefore  if  the  Mafs  of  Gold  equal  in  Bulk  to 
the  Crown  weigh,  for  Example,  24  lib.  and  that  of  Silver 
only  16  lib.  you  muft  fay,  If  8,  the  difference  between  the: 
Wéight  of  the  Mafs  of  Gold  and  the  Weight  of  the  Mafs 
of  Silver;  anfWérs  to  16  lib  ,  of  Silver*;;  to  how  nianÿ 
Pounds  of  Silver  will  5,  the  difference  between  the  Weight 
of  the  Mafs  of  Silver  and  the  Weight  of  the  Crown,  anfwér 
to?  and  by  the  Rule  of  Tliree  direft,  you  will  find  12 
Founds  of  Silver  mix’d  in  the  Crown,  &c. 

)  CHAPl' 
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,  CHAPTER  III. 

Of  Hydroflatkal  Engines. 

TO  defcrlbe  all  the  Machines  wjbich  have  been  Invented 
for  the  railing  and  dra^np' of  Water  wouM  be  End.* 
lefs  ;  wherefore  we  fhall  only  i^eak  of  thofe  which  are  thé 
moft  Ufeful,  and  which  agree  beft  with  our  SubjeQ:. 

Of  Tumps, 

A  Pump  ÎS  an  Engine,  made  like  a  SyringeJ  to  draw  Wa¬ 
ter  out  of  a  deep  Place,  and  raife  it  by  means  of  a  round 
Piece  of  Wood,  bound  round  with  Tow,  call’d  the  Pifion,  ot 
Rammer,  which  is  mov’d  backwards  and  forwards  in  a  long 
Pipe,  call’d  the  Body  of  th:  Pump^  or  Barrel. 

Let  AB  be  the  Barrel,  and  CD  the  Pifton  fix’d  to  the  Piod 
CE,  wherewdth  you  move  the  Pifton  in  the  Barrel  AB,  which 
muft  be  every  where  clofe  and  tight,  except  at  the  lower 
End  which  is  in  the  Water,  where  there  muft  be  a  fmall  Hole 
for  the  Water  to  enter  into  the  Barrel,  when  the  Pifton  CD 
is  drawn  up.  This  Hole  muft  be  cover’d  with  a  P'alve  F, 
whicli  is  made  of  Two  flat  pieces  of  Leather  foyn’d  together, 
the  One  of  which’  has  a  Hole  thro’  it  which  the  Other  fhuts 
up,  and  the  clofcr  thefe  pieces  fit  together,  the  more  perfe£b 
is  the  Valve. 

All  Valves  are  not  made  the  fame  way,  which  is  the  reafon, 

I  they  have  different  Names;  for  when  a  Valve  is  flat,  like  a 
Board,  it  is  call’d  a  G/^rA;  (in  French  and  when  it  is 

round  and  goes  tapering  like  a  Cone,  it  is  call’d  a  Sucker  (in 
French  Jxe).  Thofe  which  are  moft  in  Ufc  at  prefent  are 
Round  and  Convex ,  and  are  call’d  in  French  Soupapes  as 
^eue,  vshQxx  they  have  a  Tail  which  comes  perpendicular 
out  of  the  middle  of  their  Convexic3%  which  Tail  by  its 
Weight  draws  ^  down  the  convex  part,  to  make  it  flop  ujl 
clofe  the  round  Hole  thro’  which  the  Water  pafles,  lifting  up 
the  Valve  when  the  Pifton  is  rais’d. 

,  Thefe  Valves  are  very  ufeful  to  ftop  the  Water  in  a  Pump, 
keeping  it  from  coming  back  again  when  once  it  has  been 
rais’d  by  means  of  the  Pifton  CD,  which  muft  move  Up  and 
down  freely  in  the  Barrel  AB,  and  at  the  fame  time  exaftly 
fill  it,  that  the  Air  may.  not  pafs  between  when  the  Pifton  is 
i!  drawn  up  ;  and  then  when  the  faid  Pifton  is  rais’d,  fince  Air 
N  can’t  fucçccd  in  the  place  of  it,  the  Clack  F  will  rife  ^nd 

M  give 
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Pî  t  fi  Water  to  pafs  thro’  the  Hole  which  it  dop’d 

^  before  ;  and  on  the  contrary,  when  you  puflx  down  the 
*37*  Pii'ton  CD  and  p refs  the  Water  which  has  been  rais’d,  the 
Clack  F  fhu ts,  and  lîncc  the  Water  can’t  get  out  that  way,  it 
is  forc’d  out  thro’  the  Pipe  GHI,  which  communicates  witîi 
the  Body  of  the  Pump  f. 

Ffg-  138.  Such  a  Pump  is  call’d  a  Foj'rg.P^TMp,  becaufe  it  forces  up 
the  Water  by  prefling  it  ;  and  by  means  of  fuch  an  Engine 
you  may  raife  the  Water  as  high  as  you  pleafe,  if  to  the  Rod 
CE,  a  Power  be  applied  as  great  as  the  Refiftance  of  the 
Water  which  is  in  the  Pipe  HI,  and  if  there  be  a  Clack  at  I 
to  open  and  give  paflage  to  the  Water,  when  it  rifes  thro* 
HI  to  enter  into  the  Pipe  IK,  in  which  it  will  remain,  becaufe 
its  Weight  keeps  down  the  Clack  I,  which  muft  rife  a^ain 
and  give  palTage  to  a  frelh  Quantity  of  Water  which  will 
rife  thro’  the  faid  Pipe  HI  when  the  Pifton  CD  is  prefs’d 
down.  Thus  by  railing  and  finking  this  Pifton,  the  Water 
will  continue  to  afcend  in  the  Pipe  IK,  until  it  goes  out  at 
its  End  K. 

Ftg.  139,  We  call  Sucking  Pump^  fuch  a  Pump  as  draws  up  the  Wa¬ 
ter  when  the  Pifton  is  rais’d,  which  Pifton  muft  have  *a  Hole 
quite  thro’  it  from  D  to  F,  where  there  muft  be  a  Clackj  that 
when  the  Water  is  rifen  by  the  raifing  of  the  Pifton  f  which 
in  fuch  a  Pump  is  call’d  the  Bucket)  it  may  ftill  rile  higher 
wben  the  Bucket  is  pulh’d  down  ;  for  it  will  prefs  upon  the 
Water  under  it,  which  will  pufti  up  the  Clack  F,  and  run 
up  thro’  the  Bucket  ;  and  this  Clack  will  immediately  fiiut 
again  upon  the  raifing  of  the  Bucket,  becaufe  the  Water 
will  prefs  upon  it,  and  tlien  open  as  the  Pifton  is  funk  to 
make  a  fécond  Quantity  of  Water  enter  into  the  Body  of  the 
Pump,  which  will  at  length  be  fill’d  up  to  the  End  A,  W'here 
the  Water  will  run  out. 

That  the  Valve  F  may  play  freely,  the  Rod  EC  of  the 
Bucket  muft  be  faftned  to  it  by  means  of  a  bended  piece  of 
Iron,  as  ICH,  ftrongly  fix’d, to  the  Bucket.  The  Tube  EG, 
which  goes  into  the  Water,  may  be  as  long  as  you  pleafe,  if' 
it  does  not  exceed  33  Foot,  for  then  the  Water  wou'd  not 
rife  ;  becaufe  the  whole  Weight  of  the  Air,  which  caufes  the 
Water  to  rife,  cannot  raife  it  any  higher  than  that  ^  which 
GaliUo  firft  of  any  one  difeover’d.  ^  ^ 

Pig.  140,  Laftly,  we  call  fuch  a  Pump  as  raifes  Water  by  puÜiîng  - 
it  upwards,  zLifting^Puwp;  let  AB  be  the  Body  of  a  Pump 
divided  into  Two  Parts  AK,  Bit,  of  which  BI  muft  be  in  the 
Water,  as  alfo  the  Bucket  or  Pifton  CD,  which  moves  upwards 
in  this  parr  BI,  by  means  of  the  Rod  FG,  fix’d  to  the  Point 


t  N.B.  This  fimpii  imper jeâ  without  a  Valve  fmewhere  in  th^  Tube  GHI, 

F, 


f 
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F,  round  which  k  moves  together  with  the  Pifton  CD.  and 

its  Rod  EC,  by  means  of  the  Rod  GH.  .  ' 

The  Rod  EC  of  the  Pifton  CD  muft  be  a  Pipe  continued  in  **  ^  * 

the  Pifton  CD,  quite  to  D,  where  it  muft  have  a  Valve,  and 
there  mùft  be  One  alfo  at  O;  for  if  you  pufh  downwards 
the  Rod  GH,  to  make  the  Pifton  CD  defeend,  the  Pifton, 
prefling  on  the  Water  will  Force  it  into  the  Pipe  EC,  which 
will  open  the  Valve  D,  fo  that  the  Water  pafs  above  it  ; 
then  the  Weight  of' the  Water  will  prefs  down  the  Valve, 
and  hinder  it  from  going  back  the  fame  way  that  it  came  ;  fo  * 
when  the  Pifton  CD  is  rais’d,  it  will  prefs  the  Water  above, 
it  and  caufe  it  to  rife  (by  lifting  up  the  Clack  O)  and  go  into 
the  part  AK,  where  by  its  Weight  it  will  prefs  down  the 
Clack  O,  and  remain  where  it  is  ;  thus  will  AK  be  fllf  d  bÿ 
degrees,  till  at  laft  the  Water  runs  out  at  the  upper  End  A. 

By  means  of  this  Pump  you  may  raife  Water  as  high  isi 
as  you  pleafe  ;  but  it  has  this  Inconveniency>  that  as  the  Rod 
FG  muft  always  be  in  the  Water,  if  it  happens  to  be  out  of 
Order,  it  is  hard  to  mend  it  ;  befldes  lince  the  Rod  FG  movei. 
circularly  about  the  point  F,  the  Pifton  CD  cannot  rife  or 
fall  perpendicularly.  For  this  reafon  I  had  rather  make  ufe 
of  the  following  Force-Pump^  which  has  nothing  troublefome 
but  the  Length  of  its  Rod. 

Let  AB  the  Body  of  the  Pump  ftand  in  the  Water  as  far  as  j/f.' 
GH,  for  Example^  and  let  the  Pifton  CD  have  a  Hole  thro’  it 
from  D  to  F,  where  there  muft  be  a  Clack  to  open  when 
you  pufli  down  the  Pifton  CD,  after  you  have  rais’d  it  to 
make  the  Water  come  in  thro’  the  Clack  E,  which  opens 
when  you  raife  the  Pifton  and  Ihuts  when  you  pufh  it  down 
to  open  the  Clack  F,  which  will  give  paifage  to  the  Water 
and  then  fliut  it  fclf  as  foon  as  you  raife  again  the  Pifton  CD, 
and  the  Clack  E  will  open  at  the  fame  time,  and  give  paifage 
ro  ihe  Water  which  will  afterwards  be  made  to  rife  thro*  thé 
Clack  F,  by  finking  the  Pifton  as  before  ;  Thus  continuing 
to  raife  and  fink  the  Pifton  CD,  the  Barrel  will  be  fill’d  with 
Water,  which  at  length  will  run  out  at  the  upper  End  A. 

Sr.  Sa7nuel  Moreland^  fome  Years  ago,  gave  us  a  New  In-  Plate  17. 
vention  of  a  Pump,  which  he  values  very  much.  I’ll  explain  f/g,  142, 
it  in  his  own  Words,  and  make  ufe  of  the  fame  Figure 
which  he  gave  us.  ‘N  O  R  is  the  Profil  of  a  Pump.  P  the 

*  Sucker  which  is  at  the  Bottom  of  the  Pump.  LN  the  Pifton  • 

*  which  muft  be  a  Cylinder  of  Brafs  exaftly  turn’d  in  a  Lathes 

*  made  to  rife  and  fall  in  the  Midft  of  the  Cylinder  of  Water 
‘  contain’d  in  the  Barrel  of  the  Pump;  in  fuch  manner  that  ic 
‘rubs  againft  nothing  but  a  fmall  Ciicle  of  Leather,  well 

*  prepar’d  and  fix’d  into  a  little  Hollow  at  the  Top  of  the 
‘  Pump  on  the  infide  over  againft  ON  ;  thro’  this  Leather  the 

M  s  '  ‘Pifton 
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27.  ‘  Pifton  goes  up  and  down  with  the  greateft  eafe  imaginable 
Fig»  142.  ‘  and  without  any  confiderable  Friftion  :  to  bring  this  to 
‘perfe£I:ion  coft  me  Twelve  Years  Study  and  a  great  deal  of 
‘  Money  ;  and  without  this  New  Invention  it  wou’d  have 
‘  been  impofllble  for  me  to  have  reduc’d  the  railing*  Water, 

‘  to  Meafure  and  Weight,  as  I  have  done.  ADL  is  the  Rod 

*  of  the  Pifton,  upon  which  are  Slipp’d  on  the  Weights  which 

*  are  between  EF  and  GH  to  counterpoife  the  Water>  "which 
‘  is  rais’d,  and  to  keep  the  Pifton  upright  between  the  Two 

•  *  Pullies  B  and  C.  VT  is  the  Leaden  Pipe,  in  which  the 
‘  Water  rifes  after  it  has  pafs’d  thro’  the  Sucker  T,  which 

*  hinders  it  from  falling  back  into  the  Barrel  of  the  Pump. 
Hate  28.  The  Force  of  Rivers  is  commonly  made  ufe  of  to  play  this 
Fig,  Ï43!  Engine  by  means  of^a  Wheel  as  A,  whofe  Floats  dipping  in 

*  the  Water,  are  piifh’d  by  the  Force  of  the  faid  Water,  fo  as 
to  caufe  the  Wheel  to  turn,  which  turns  the  bended  Piece  of 
Iron  or  double  Crank  BCD,  which  bearing  upon  the  Two 
Fix’d  Points  EF,  and  turning  upon  them,  fucceflivcly  comes 
nearer  to,  or  goes  farther  from  the  Holes  I,  K,  of  the  Two 
‘Barrels  IL,  KM,  and  fo  raifes  and  finks  the  Piftons  one  after 
another  by  means  of  their  Rods  BG,  CH,  which  are  faften’d 
to  the  double  Crank  BCD,  at  the  Points  B,  C.  Iiiftead  of  fuch 
a  Crank,  Leavers  are  made  ufe  of  in  great  Engines,  which  by 
their  rifing  and  falling  raife  and  fink  the  Piftons,  as  may  be 
feen  in  the  great  Engine  at  Marly  near  Paris,  which ‘raifes  the 
Water  of  the  River  up  to  a  great  Aqueduct  which  runs 
quite  to  VerfaiUes  :  For  want  of  Water,  the  Wind  may  be 
made  ufe  of,  as  in  Wind-mills. 

Of  Barofneiers. 

WE  call  Barometer  an  Engine  made  ufe  of  to  know  fen- 
fibly  the  different  changes  which  happen  in  the  Gra¬ 
vity  of  the  Air,  which  is  not  the  fame  at  all  times  and  in*  all 
places  ;  for  we  know^  by  Experience,  that  the  Air  is  heaviefl 
when  it  is  laden  with  f  Vapours,  and  that  it  is  lighter  in  a 
_ _ _ _  high 

t  Vapours  do  not  inereafe  the  Gravity  of  the  Air  ;  for  v?hen  they  are 
in  the  Lower  Region,  as  in  Rainy  IVeather,  then  the  Air  is  lightejf,  as  it  ap^ 
pears  by  the  falling  of  the  Mercury  in  the  Barometer;  and  when  they  are 
in  the  middle  Region  of  the  Air,  (that  is,  when  the  Clouds  are  high)  they  do 
not  help  the  Preÿure  of  the  Air  ;  for  the*’  the  Air  be  heavier  then,  it  is  not 
°  caufe  the  Clouds  are  high,  but  the  Clouds  are  high  becaufe  the  ,Air  is  Heavy  ; 
for  when  the  Air  near  the  Earth  is  more  denfe  than  ufual,  then  it  becomes  Sped» 
fically  heavier  than  the  Vapours,  which  therefore  mufi  afcend,  and  at  Ufl  fettle 
in  that  Region  of  the  Air  which  is  of  the  fa  ne  Specifick  G  ravity  with  themfelves» 
If  the  Vapours  were  the  Caufe  of  the  encreafing  of  the  Air's  Gravity,  there 
be  as  many  Vapours  in  the  Air  at  a  time,  as  are  equal  to  Three  Inches  of  Mer- 
ciiTy,for  fo  much  we  find  the  Mercury  rifes  or  falls:  Now  Mercury  is  about 
•  I4  times  heavier  than  Water,  and  cçnfeqfsently  there  mu/i  be  in  the  Air  at  once 
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high  Place  than  in  a  low  one.  Barometers  are  made  feveral 
ways  ;  but  I  fliall  only  explain  here  Mr.  Hugens's  Barometer  :  p. 
bccaufe  I  think  it  very  convenient,  by  reafon  of  its  being 
Portable,  and  fhewing  fcnfibly  the  leaft  changes  in  the  Air. 

Let  ABC  be  a  Glafs  Tube  Hermetically  Seal’d  at  One  of  its 
Ends  A,  and  open  at  its  other  End  C,  that  as  much  Mercury 
may  be  pour’d  into  B,  as  will  fill  that  Tube  which  reaches 
from  the  middle  of  the  Cylindrick  Box  E,  to  the  middle  of 
the  other  Box  D,  which  mull  be  about  27  Inches  diftant  from 
the  firft  E,  becaufc  a  Pillar  of  Air  reaching  from  the  Earth 
to  the  Top  of  the  Atmofphere,  or  utmoft  Surface  of  the  Air 
■will  keep  27  or  28  Inches  of  Quick-Silver  in  Æ^uîUbrî 9  in  a 
Perpendicular  Tube  :  Then  fill  CE  the  remaining  part  of 
the  Tube  with  any  other  Liquor  which  will  neither  Freeze 
in  Winter,  nor  Difiblve  the  Quick-Silver,  as  common  Water 
mix’d  with  One  Sixth  of  Aqua-fortis: 

When  the  Mercury  defcends.  One  Inch,  for  Example,  in 
the  Box  E,  by  the  Gravity  of  the  Air,  it  will  rife  as  high  in 
the  Box  D,  and  the  Water  which  is  in  the  remaining  part  of 
the  Tube  CE,  willdefcend  in  the  Box  E,and  if  the  Capacity  of 
that  Tube  be  15  times  greater  (for  Example)  than  that  of  the 
remaining  part  of  the  Tube  CE,  1  j  Inches  of  the  Water  of 
this  narrow  Tube  will  be  requir’d  to  take  up  the  Height  of 
One  Inch  in  the  Box.  Therefore  as  often  as  the  Mercury 
riles  or  falls  One  Inch,  the  Water  will  rife  or  fall  15  ;  and 
likewife  when  the  Mercur.y  falls  or  rifes  One  Line,  the 
Water  will  fall  or  rife  15;  fo  that  this  Barometer  fiiews  the 
Alterations  of  the  Gravity  of  the  Air,  i  $  times  more  Senfibly 
than  the  common  Barometer,  and  it  will  yet  fhew  it  more 
Senfibly,  if  the  Boxes  D,  E,  arc  made  wider. 


Of  Thermotneters, 


A  Thermometer,  is  a  long  Tube  of  Glafs  leal’d  Hermetî- 

cally,  which  has  a  finall  Bubble  at  Top  as  O,  and^^<^ 
under  it  a  long  Neck  as  AB,  w  hich  being  fill’d  about  half 


fomany  Vapours  as  are  equal  in  Weight  to  a  Column  of  Water  of  ^2  Inches  in 
height^  and  vobofeBafis  is  equal  to  the  Surface  of  the  Earthy  which  is  much  more 
than  falls  down  in  Rain,  during  a  whole  Tear.  For  a  whole  Tear^s  Rain  does 
not  fillaVefiel  above  14  or  15  Inches  high,  as  is  obferv'-d  in  the  Hiftory  of 
the  Koyal  Society  at  Paris. 

The  Reafon  then,  why  the  Air  is  heavier  at  one  time  than  another,  arifes 
from  there  being  more  Air  on  that  part  of  the  Earth^s  Surface  when  the  Air 
grows  heavier  :  And  this  proceeds  from  Winds  ;  for  Ex.  If  the  Wind^  which 
is  nothing  but  a  Stream  of  Air,  Jhould  blow  on  any  place,  and  the  Air  thus 
mov^d  fhould  be  kept  in  that  place  by  Mountains  or  tiiUs  -,  Or  if  Two  contrary 
Winds  Jhould  blow  on  the  fame  place,  the  Air  will  be  heap'd  up  in  the  middle, 
and  confequently  there  being  more  Air,  its  Gravity  will  he  increas'‘d.  But  if 
the  Wind  jhould  blow  over  a  Country,  the  Air  which  is  over  that  place,  will 
grow  lefs  in  Quantity ,  and  confequent'y  lighter.  Hence  *tis  plain,  that 
Winds  are  the  only  caufes  oftpe  variation  of  the  Airs  Gravity,  *  ' 
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way  With  Spirit  of  Wine,  or  any  other  Liquor  that  does  not 
Lreeze  in  Winter  ( ufually  ting’d  of  fome  Colour  to  di- 
ftinguifji  it  in  thé  Tube)  ferves  to  fhew  the  Degrees  of  Heat 
and  Cold  in  the  outward  Air.  For  this  purpofe  the  whole 
Length  of  the  Tube  is  divided  into  Eight  equal  parts,  and 
thofe  Eight  each  into  Eight  more,  to  have  in  all  64  Degrees, 
CO  know  more  fenfibly  the  Change  which  happens  ^t  any  time 
in  the  Temper  of  the  Air,  obferving  to  what  Degree  the 
Water  rifes  each  Hour  of  the  Day,  according  as  the  Heat  of 
the  outward  Air  is  encreas’d  or  diminilh’d  :  For  when  the 
Air  is  Hot,  it  caufes  the  Air  in  the  Ball  and  Tube  AB  to  be 
rarihed,  and  that  Air  being  rarified  prelles  the  Water  and 
caufes  it  to  defeend;  and  on  the  contrary  when  the  Air  is 
cold,  it  is  condens’d  and  gives  way  to  the  Water  to  rife  f. 

With  this  Inftrument  one  may  compare  the  greateft  Heat 
of  one  Summer  with  the  greateft  Heat  of  another,  or  the 
gre^teft  Cold  of  one  Winter  with  the  greateft  Cold  of  an¬ 
other,  and  know  which  of  Two  Rooms  is  the  Hotteft, 
that  being  Hotteft  where  the  Water  will  defeend  the  low^eft 
in  the  Thermometer,  the  leaft  Heat  being  able  to  rarifie  the 
Air  contain’d  in  the  Tube  AB  as  one  may  find  by  Experience; 
for  if  the  Fland  be  laid  on  the  Ball  A,  its  Heat  wdll  immedi¬ 
ately  rarify  the  Air  and  caufe  the  Water  td  defeend,  which 
will  creep  up  gently  into  its  place  again,  as  foon  as  the  Hand 
is  remov’d  ;  which  will  be  more  eafily  feen  if  you  warm  the 
Bali  by  breathing  upon  it. 

Of  HygYometeYs. 

An  Hygrometer  is  an  Inftrument  contriv’d  to  know  the 
Degrees  of  the  Drinefs  and  Moiftnefs  of  the  Air  ;  and 
in  fome  meafure  foretel  Rain  in  fair  Weather  ;  for  if  the 
Air  be  very  Moift  in  fair  Weather  it  is  a  fign  of  approaching 
Rain.  There  are  feveral  kinds  of  Hygrometers  ;  but  I  ftiall 
only  explain  one  Sort. 

Make  a  common  Balance  as  AB,  which  muft  be  fufpended 
by  its  Center  of  Motion  G  ;  and  put  into  one  of  the  Scales 
as  D,  a  Weight  of  Lead,  and  in  the  other  Scale  as  C,  a  piece  of 
Spunge  big  enough  to  keep  it  in  Æ.quilibrio  ;  then  it  will 
happen  that  when  the  Weather  is  Moift,  the  Spunge  growing 
Moift  by  fucking  in  thofe  little  Particles  of  Wafer  that 
Swim  in  the  Air  (which  it  will  do  the  more  eafily  if  it  has 
been  firft  dipp’d  in  Salt-water  ;  for  tho’  the  Water  may  be 
dried  vet  thofe  Saline  Particles  which  are  left  behind  will 


t  ThefnaQ  end  of  this  Thermometer  mujt  beopen^  and  immerg^d  in  an  open 
Velfel  of  the  fame  Liquor  ff  ith  that  which  it  ceniflins. 
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render  it  more  fufceptible  of  the  Moifture  of  the  Air)  will  Pl'atQ  25 
become  heavier  than  the  Lead  and  caufe  its  Scale  to  pre-  F/£.  132 
ponderate,  and  caufe  the  Examen  of  the  Balance,  which  is  . 
moveable  about  the  fix’d  Point  G,  to  change  its  Pofition  : 

On  the  contrary,  Iw^hen  the  Spunge  is  dried  by  the  Drinefs 
of  the  Air  ;  it  will  not  be  fo  heavy  as  the  Lead  and  confe- 
quently  rife  with  its  Scale,  and  make  the  Examen  alfo  to  turn 
the  other  way,  and  point  to  the  Degrees  of  Drinefs  mark’d 
upon  the  Circumference  of  the  Circle  defcrib’d  about  the 
Center  of  Motion  G.  But  inftead  of  an  Examen  and  Circle, 

You  may  fallen  to  the  Scale  C  a  little  Chain  made  of  feveral 
little  Balls,  which  fall  upon  an  Horizontal  plain  as  EF,  and 
will  lié  upon  it  in  a  greater  Number  when  the  Moiftnefs  of 
the  Air  is  greater  ;  for  in  fuch  a  cafe,  thè  Scale  C  will  defcend 
lower,  becaufe  the  Spunge  being  Moifter  will  confequently 
be  Heavier. 

Of  ^yEolipHes. 

is  a  Hollow  Globe  of  Brafs  or  any  other 
Matter  which  can  bear  the  Fire,  which  being  half  filfd 
with  Water  thro’  a  fmall  Hole,  and  afterwards  put  upon  live 
Coals,  does  not  work  till  it  is  warm  ;  for  then  the  Heat 
rarifies  the  Water  within  it  fo  much  as  to  turn  it  into  Wind, 
which  ruflies  out  at  the  faid  Hole  with  an  Impetuous  Hiffing, 
and  blows  ftrong  enough  to  caufe  a  Mufical  Inflrument,  as  a 
Flageolet,  to  found. 

For  Ornament,  fuch  an  Inflrument  is  made  like  a  Head, 
and  the  Hole  is  made  in  the  Mouth;  it  will  continue  blow¬ 
ing  for  the  Space  of  an  Hour  or  longer.  It  is  alfo  made 
fometimes  like  a  Pear  with  a  (lender  Tail  and  a  fmall  Hole  in 
the  End  of  it.  When  you  wou’d  get  the  Water  into  the 
ÆoUpile,  Heat  it  very  Hot  and  immediately  throw  it  into 
cold  Water,  which  caufing  the  Air  in  it  to  be  cqndens’d,  that 
had  been  before  ratified  by  the  Heat,  the  Water  will  run  in 
at  the  faid  Hole  to  fill  up  the  void  Space,  and  fupply  the 
place  of  that  Air  which  had  been  expell’d  by  Heat. 

If  inflead  of  common  Water,  you  fhou’d  fill  it  with 
reflified  Spirit  of  Wine,  and  fet  Fire  to  the  Vapour  which 
goes  out,  you  will  fee  a  continual  Fire  rufh  out  at  the  Mouth 
of  the  Æolipih  as  long  as  the  Vapour  continues  to  go  out 
with  Violence. 

OJ  Hour-GlaJJes. 

HOar-GlaJfes  (in  French  Clepfydres)  are  made  either  with 
Sand,  or  with  Water;  and  were  very  valuable  before 
the  Invention  of  Watches^  or  Clocks  with  Wheels,  Neverthelcfs, 
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t  s  tï'ofe  with  Sancî  are  flill  in  ufe ,  and  the  Water-Clocks 
w/  ^  are  very  curious,  we  lhall  here  fay  fomething  concerning 
14S  each  Sort.  "  ^ 

Firft,  to  make  a  Water-Clock;  fill  a  Tub  as  AB  wnth 
Water,  and  having  try’d  how  much  Water  goes  out  of  it  in 
Twelve  Hours,  by  means’ of  the  Syphon  CDE,  fix’d  to  the 
Board  FG  which  Swims  on  the  Water;  mark  in  the  Tub  it 
felf  the  Intervals  of  Hours,  and  the  Board  FG  going  down  as 
the  Water  runs  out  at  E  the  End  of  the  Syphon,  which  muft 
be  lower  than  the  Surface  of  the  Water  (otherwife  it  will 
fiot  run  out)  will  Ihew"  the  Hours.  You  may  alfo  fet  upon 
the  Board  FG  a  little  Statue;  or  any  other  Figure,  as  tlial  of 
à  Bird,  which  as  it  goe^  down  will  point  to^hc  Houts  mark’d 
on  the  perpendicular  Plain  IK.  You  may  alfo  apply  a  String 
about'  an  Horizontal  Axis,  whofe  Ends  muft  bear  and  turn 
upon  Two  fix’d  Points,  and  faften  to  the  End*of  that  String 
a  piece  of  Wood  made,  if  you  will,  in  the  fhape  of  a  Ship, 
to  float  on  the  Water;  and  when  the  Water  runs  out  thro^ 
the  Hole  E  of  the  Syphon  CDE,  ('part  of  which  may  repre- 
»  .  lent  the  Maft  of  that  little  Ship)  and  the  faid  Ship  defeends, 
the  Axis  Avili  turn  ;  and  if  at  one  of  its  Ends  there  be  a 
Dial-plate  and  Hand,  that  Hand  will  exaftly  fliew  the  Hours, 
if  the  Hole  E  be  of  fpeh  a  Diameterj  that  th^re  falls  out  no 
more  Water  in  Twelve  Hours,  than  as  much'  as  is  heceflary 
to  make  the  little  Ship  fink  juft  fo  low  as  to  give  tfie  Axis 
One  Turn  exaftly  ;  for  then  the  End  of  the  Hand  will  go 
quite  round  the  Circumference  of  a  Circle^  w'hich  mufl:  be 
divided  into  Twelve  equal  Parts,  as  it  is  in  other  Dial-Plates. 

Hour-Glafes  with  Sand  are  fo  common,  that  it  W'ou’d  fie 
necdlefs  to  fpeak  of  ’em  rnore  particularly  :  wherefore  with¬ 
out  taking  any  notice  of  fuch  as  a  re  daily  us’d  ,  I  fliall  fpeak 
of  a  New  Invention  of  Hour-Glajfss^  which  Mr.  de  là  Eire  of 
the  Royal  Academy  of  Sciences  communicated  to  us  4  fpw 
Years  ago,  in  thefe  Words;  .. 

149.  ‘  Inftead  of  one  of  the  Glafjes,  of  which  an  HouuGhfs  is 

‘  made,  a  Tube  mufl:  be  fix’d,  of  about  20  Inches  in  Length, 
‘^nd  a  Line  and  a  half  Diameter.  This  Tube  being  flopp’d 
‘  clofe  at  that  end  which  is  not  joyn’d  to  the  Bottle,  is  in- 
‘flead  of  a  Second  Bottle,  fo  that  when  the  Sand  runs  out  of 

*  the  Bottle  ipro  the  Tube,  you  may  fçc  it  rife  by  degrees, 
‘andfo  diflinftly,  that  you  may  obferve  how^  it‘  rifes,  and 

*  fee  the  Alterations  at  leafl:  every  Five  Seconds,  and  confe- 
‘  quently  the  Minutes  mufl  be  feen  very  diftinftly,  if  this 

*  Glafs  runs  but  half  an  Hour. 

*  When  all  the  Sand,  which  mufl  run  out  in  half  an  Hour, 

^  is  run  into  the  Tube,  the  Inflrument  mufl  be  turn’d  upfide 
.  down  ;  and  the  Sand  running  back  out  of  the  Tube  into  it. 

‘will 
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‘  will  as  it  goes  down  fhew^  the  Minutes  and  their  Parts. 

‘  To  ufe  this  Machine  conveniently,  it  muft  be  apply ’d  to 
‘a  Board,  in  fuch  manner  that  half  the  Bottle  and  half  the 
‘  Tube,  be  let  into  the  Thicknefs  of  the  Wood.  Two  Strings 
‘  are  faften’d  to  this  Inftrument  one  at  each  End  of  the  Wood, 

‘  to  turn  it  ealily  ;  bccaufe  it  muft  be  fufpended  in  the  Air 
*or  fet  upright  againft  fomething  or  other.  The  divifions  of 

*  the  Minutes  are  mark’d  on  oije  fide  of  the  Tube  to  fhew 
‘  the  diftances  when  it  fills  ;  and  after  the  fame  manner  on 

the  other  to  obfcrve  them,  when  the  Sand  runs  out  of  the 
*Tube. 

‘  Thofe  divifions  muft  be  mark’d  by  means  of  a  Pendulum, 

‘  thus  :  Take,  a  finall  Thread  and  tye  a  Leaden  Bullet  at  the 
^  End  of  it,  to  make  a  Pendulum.  If  the  Length  of  the 

*  Pendulum,  from  the  place  from  which  the  Thread  hangs  to 

‘  to  the  Center  of  the  Bullet,  be  Three  Foot,  and  Eight  Lines  ' 
‘and  a  half,  (P  i»m-Meafure)  this  Pendulum  will  Vibrate 
‘Seconds;  and  when  it  has  made  6o  Vibrations,  you  muft 
‘  mark  the  Divifions  which  fhew  the  Minutes.  All  the  Di- 
‘  vifions  muft  be  thus  mark’d  by  help  of  the  Pendulum  as  the 
‘  Sand  rifes  or  falls  ;  for  the  Divifions  are  not  always  equal, 

‘  by  reafon  of  the  inequality  of  the  Tube,  which  being 
‘  narrower  in  fome  places,  the  Sand  muft  rife  fafter  in  fuch 
‘parts  of  the  Tube  than  in  others,  which  are  wider. 

‘  You  muft  obferve,  that  as  the  Sand  goes  out  of  the  Tube 
“  into  the  Bottle,  it  runs  thro’  greater  Diftances  at  firft,  than 
‘towards  the  laft,  which  is  occafion’d  by  the  Sands  com¬ 
bing  down  by  jerks  at  firft  ;  but  this  caufes  no  irregularity, 
‘jf  the  Diftances  are  mark’d  according  to  the  Vibrations  of 
‘  the  Pendulum. 
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PERSPECTIVE. 


ERS  P  ECTIFE  is  the  Ait  of  reprefenting  vifible 
Objefts  in  a  Picture  juft  as  they  appear  to  the  Eye  ; 
for  which  reafon  this  Pifture  ou^hc  to  be  fuppos’d 
Tranfparent,  and  ufually  Perpendicular  to  the  Ho»  • 
rizon,  and  likewife  betwixt  the  Eye  and  the  Objeft. 

The  chief  Things  to  be  conhder’d  in  Perfpeftive,  are  the_ 
Eye, the  Objeft,  the  Plain  of  the  Pifture,  the  Geometrical 
Plainj  the  Vertical  Plain,  and  a  Fourth  Plain,  call’d  the  Ho¬ 
rizontal  Plain  :  and  thefe  are  Explain’d  in  the  following  De» 
fihitions,  , 

D  E  F  I  N  I  T  I  O  N  S. 

TH  E  f  Geometrical  Plain  is  a  plain  Surface  parallel  to 
the  Horizon,  plac’d  lower  than  the  Eye,  as  ABGD,  in 
which  we  imagine  the  Vifible  Objefts  without  any  change, 
(except  it  be  the  reducing  a  great  Figure  into  a  fmall  oncj  and 
upon  which  the  fituation  of  the  ObjeQ:  to  be  reprefented  in 
Perfpeftive  is  deferib’d.  .. 

The  Situation  of  a  point  of  an  Ob  je£):  which  is  out  of  the 
Geometrical  Plain,  is  that  point  of  the  Plain  on  which  a  line 
from  the  propos’d  point  falls  perpendicular  Thus  you 
will  know,  that  the  fituation  of  the  end  2,  of  the  Stick  i  2, 
is  the  point  3,  where  the  Geometrical  Plain  ABCD  is  cut  by- 
the  line  2  3,  which  is  perpendicular  to  it;  and  for  this  reafon 
the  Geometrical  Plain  ABCD  has  by  fome  been  alfo  call’d  the 
Plain  of  Situation. 

-  The  *  PiBure  is  a  plain  Surface,  fuppos’d  as  Tranfparent  as 
Glafs,  and  ufually  perpendicular  to  the  Geometrical  Plain,  as 

■  ■  -  ■  ; -  -  -  -  -  -  -  —  ’  -  -  .nn  -  - 

t  CalPd  iil/b  tlje  JinSs^  *  Called  alfo  the  Tablet  or  Glafs,  t 

A  FGHI,. 
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^  A  Treaùfi  of  Perfpe6live. 

?Ute  I  which  is  always  plac’d  at  fome  diftance  between  the 

j'  Eyç  and  the  Objefts,  to  reprefent  in  it  thofe  Objefts  in  Per- 
'  fpeftive  ;  whence  the  Picture  is  call’d  the  PerfpeBive  Plain. 

Sometimes  the  Picture  is  Inclin’d  ;  that  is,  not  perpendicii-- 
lar  to  the  Geometrical  Plain,  or  to  the  Horizon,  and  fome- 
times  it  has  a  Curve  Surface,  as  when  we  wou’d  paint  the 
Surface  of  an  Arch’d  Roof,  but  as  that  is  not  common,  we 
fhall  in  the  Sequel,  look  upon  the  Pidure  as  a  Plain  perpen¬ 
dicular  to  the  Horizon. 

The  Ground-^Linç  is  the  common  Seflion  of  the  Geometri¬ 
cal  Plain  and  of  the  Pifture,  as  FG  ;  upon  this  Hands  the 
fOr  *  Whence  it  alfo  call’d  the  f  Bafe  of  the  PîÜure. 

*  Line\  The  Horizontal  Plain  is  a  plain  Surface,  which  palling  thro’ 
the  Eye  is  perpendiculai  to  the  plain  of  the  Picture,  and  con- 
fequently  parallel  to  the- Horizon,  as  OPQR,  which  palTes 
thro’  the  Eye  fuppos’d  to  be  at  E. 

The  Horizontal-Line  is  that  Right-line  in  which  the  Hori¬ 
zontal  Plain,  and  the  Plain  of  the  Pifture  interfeO:,  as  VX, 
which  muft  necelTarily  be  parallel  to  the  Ground-line  EG. 

The  Principal  Ray  is  a  Right-line  drawn  from  the  Eye,  per¬ 
pendicular  to  the  Plain  of  the  Pifture,  as  ES,  which  there¬ 
fore  muft  of  necellity'run  along  the  Horizontal  Plain. 

The  Vifual  Point,  gv  Point  cf  Sight,  which  is  call’d  the  Pm/- 
cipal  Point,  or  point  of  the  Eye,  is  the  point  where  the  Pifture 
,  is  cut  by  the  principal  Ray,  as  S,  which  muft  necelTarily  be 
in  the  Horizontal-line  VX. 

The  Pohit  of  D if  ajzce  is  a  point  in  the  Horizontal-line  di- 
Hant  from  the  point  of  Sight  the  length  of  the  principal  Ray, 
as,  V,  or  X,  the  lines  SV,  SX,  being  each  equal  to  the  prin¬ 
cipal  Ray  ES. 

The  Vertical  Plain  is  z  plain  Surface,  which  going  thro’  the 
principal  Ray,  is  perpendicular  to  the  Horizon,  and  confe- 
quently  to  the  Geometrical  Plain,  and  alfo  to  the  Pifture, 
as  KLMN,  to  which  the  ^jround-line  FG,  and  the  Hori¬ 
zontal-line  yXare  necelTarily  perpendicular. 

The  Line  of  Station  is  the  Right-line  in  which  the  Vertical 
Plain  cuts  the  Geometrical  Plain,  as  KL,  which  muft  necelTa¬ 
rily  be  parallel  to  the  principal  Ray,  and  confcquently  per¬ 
pendicular  to  the  Pifture. 

The  Vertical-Line  is  the  Right-line,  in  which  the  Pi£lure 
isxut  by  the  Vertical  Plain,  as  ST,  which  of  necelHty  is  per¬ 
pendicular  to  the  Line  of  Station  KL,  and  to  the  principal 
Ray  ES,  becaufe  it  is  perpendicular  to  the  Geometrical,  and 
to  the  Horizontal  Plain. 

The  Height  of  the  Eye  is  a  Right-line,  which  pafting  thro’ 
the  Eye,  is  perpendicular  to  the  Geometrical  Plain,  as  EK, 
which  rrmft  necelTarily  be  parallel  aud  equal  to  the  Vertical 
Line  ST.  The 
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The  j^ccidental Point  oÇ  a  Right-line  is  the  Point  where  the  r 
Pifture  is  cut,  by  a  Right-line  drawn  from  the  Eye  parallel 
the  Line  propos’d.  .  Thus  you  will  know  that  the  Accidental 
pôintof  the  Line  5  K,  or  of  its  parallel  9  L,  is  the  point  S. 
Whence  it  is  eafy  to  conclude,  that  all  the  Lines  which  are 
parallel  to  the  Piflure  have  no  Accidental  Point,  and  that  all 
the  other  Lines  which  are  parallel  to  one  another  have  the 
fame  Accidental  Point.  You  may  alio  eafily  know  that  all 
the  Right-lines  which  are  perpendicular  to  the  Pifture,  have 
the  principal  point  S  for  this  Accidental  Point  ;  and  that  all 
thofe  which  make  an  half-Right  Angle  with  the  Piflure,  have 
one  of  the  Points  of  Diftance  for  their  Accidental  Point, 

The  Plan  or  Ichnography  of  any  Obje£i:,  call’d  alfo  the  Si- 
tuktion  of  it,  is  its  Orthographical  Projeftion  upon  the  Geo** 
metrical  Plain.  Thus  is  the  Plan  of  a  Right  Cylinder,  a  Circle  5 
and  the  Plan  of  a  Right  Cube,  a  Square. 

We  call  Orthographical  ProjeBion  of  an  Object,  that  Figure 
which  is  defcrib’d  upon  the  Geometrical  Plain,  when  front 
all  the  points  of  the  Objeft,  Right-lines  are  drawn  perpendi¬ 
cular  to  the  faid  Geometrical  Plain. 

But  we  call  Fronts  or  Foreright  fide,  the  Orthographical 
Projection  of  an  ObjeCt,  upon  a  plain  parallel  to  the  Picture  t 
and  Profil,  the  Orthographical  Projection  of  an  ObjeCt,  Upon 
a  plain  parallel  to  the  Vertical  plain. 

The  Keprefientation,  Appearance,  or  Sccnographical  Appearance 
of  a  point  of  any  Objeft  is  a  point  where  the  Picture  is  cut 
by  a  Right-line  drawn  from  the  Eye  to  the  Point  of  the  ObjeCb 
propos’d.  Thus  one  may  know  that  the  Appearance  of  the 
point  M  is  the  point  w,  and  that  the  Appearance  of  the  point 
N  is  the  point  n  ;  and  confequently,  that  the  Appearance  of 
the  Line  MN  is  mn. 

It  is  plain,  That  if  a  Right-line  of  any  ObjeCt  being  pro* 
duc’d  does  not  pafs  thro’  the  Eye,  its  Appearance  in  the 
Picture  will  bfe  a  Right-line,  in  fuch  a  place  where  it  will  be 
cut  by  a  plain  Surface  made  up  of  an  Infinite  Number  of 
Right-lines  drawn  from  all  the  points  of  the  Line  propos’d 
and  terminated  at  the  Eye,  as  fo  many  Viiual  Rays,  as  viQ 
liiall  more  particularly  deihonfirate  in  Theorem,  i. 

It  is  alfo  evident,  That  if  the  Surface  of  any  ObjeCt  being 
continued,  does  not  pafs  thro’  the  Eye,  its  Appearance  will 
be  fuch  a  part  of  the  PiCture  as  is  terminated  by  the  Appear¬ 
ances  of  the  Lines  which  bound  the  faid  Surface.  Thus 
fuppofing  that  the  Surface  5, 6,7, 9,  of  the  Cube  5  L  8,  being 
1  continued,  does  not  pafs  thro’  the  Eye  E  ;  its  Appearance 
i  willbethepart  1,2, 3, 4, which  is  terminated  by  tiie Appearances 
i  12,  23,  34,  14,  of  the  Lines  59,  97,  76,  $6,  which  bound  the 
!  propos’d  Surface 

I  Â  2  LaÜîy, 


4  ^  Treaîtfe  of  PerfpeSive. 

Plate  r.  Laflîy,  it  is  evident  that  if  any  part  of  an  Objeft  touches 
Fig.  2.  the  Picture,  its  Appearance  will  be  in  that  place  of  the  . 
Fi£lur©  which  it  touches .  Thus  you  will  know  that  the 
Appearance  of  the  End  P  of  the  inclin’d  Stick  OP,  w^hich 
touches  the  Pifture  F  G  El  I  at  the  point  Pj  is  the  faid 
point  P. 

It  follows  from  what  has  been  faid,  that  all  the  parts  of  the 
*  Objefts  which  are  lower  than  the  Eye,  or  the  Horizontal 
Plain,  ought  to  be  reprefented  in  the  Picture  below  the  Hori¬ 
zontal  Line  VX  ;  and  on  the  contrary,  that  all  thofe  which 
are  above  the  Horizontal  Plain,  or  higher  than  the  Eye, 
ought  to  be  reprefented  in  the  Pifture  above  the  faid  Hori¬ 
zontal  Line  VX  ;  and  laftly,  'That  all  thofe  Objefls  which  in 
refpeffc  to  the  Eye,  are  on  the  Right-hand  of  the  Vertical 
^  Plain,  niuft  in  the  Pifture  be  reprefented  on  the  Right  fide 
of  the  Vertical  Line  ;  and  fuch  as  are  on  the  Left,  muft  be 
reprefented  on  the  Left  fide  of  the  fai4  Vertical  Line. 

THEOREMS. 

THEOREM  I. 

If  a  Right -Une  being  produc'd^  does  not  go  thrd 
the  Eye,  its  Appearance  in  the  TiBure  voiU  be  a 
Rightdine. 

IF  the  Right-line  MN  being  produc’d  does  not  go  thro’  the 
'Eye  E,  I  fay,  that  its  Appearance  mn  \n  the  Figure 
FGHI,  is  a  Right-line,  becauie  its  Triangular  plain  MEN, 
made  up  of  all  the  Vifual  Rays  drawn  from  the  Eye  E,  thro’ 
all  the  points  of  the  Line  MN,  can  only  cut  the  Plain  of  the 
Picture  FGHÏ  by  a  Right-line,  hy  ii. 

T  H  E  O  R  E  M  IL 

If  a  Cone  be  cat  by  a  Thin  parallel  to  its  Safe  y  the 
SeBion  will  be  a  Circle.  ■ 

I 

plate  1.  I  ^  H O’  this  Theorem  be  felf-e vident,  becaufe  a  Cone  is* 
Fig.  3.  _j_  made  up  of  an  Infinite  Number  of  Circles  par-- 

allel  to  one  another,  and  likewife  to  its  Bafe,  which  is  alfo  9.i 
Circle,  (for  which  reafon  in  our  Gnomcnicks  and  Geometry  wer 
^have  fuppos’d  it  demonftrated)  yet,  that  nothing  may  be; 
wanting  in  this  little  Courfeof  Mathematicks,  I  will  demon— 
ftrate,  that  if  the  Cone  ABCD  be  cut  by  the  plain  GKH  par¬ 
allel! 
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allel  to  Its  Bafe  ADC,  which  is  a  Circle,  the  Se^ljoii  GKH  i 
will  alfo  be  a  Circle,  thus  :  Vig.  3. 

If  you  draw  from  the  Vertex  B  of  the  Cone  thro’  the  , 
Center  E  of  the  Bafe  ACDF,  which  is  a  Circle,  the  j^xis  BE, 
and  cut  the  Cone  ABCD  by  a- Plain  w^hich  palTes  along  its 
the  Se£lion  will  be  the  Triangle  ABC,  which  foro 
that  reafbn  is  call’d  the  Triangle  of  the  Axis  ;  and  that  Seftiori 
will  be  cut  by  the  Plain  GHK  parallel  to  the  Bafe  ADCF  in 
the  Right-line  GH,  which  hy  i6,  ii,  will  be  parallel  to  the 
Diameter  AC,  becaufe  the  T  wo  lines  ACjGH*  are  the  Seftions^ 
of  the  Two  parallel  Plairis^ADC,  GHK,  by  the  Third  Plain 
ABC.  Wherefore  the  Two  Triangles  AEB,  GIB,  will  be 
Similar  as  well  as  the  Two  BEC,  BIH,  and  the  R/if/o  of  the 
Two  lines  AEj  GI,  will  be  the  fame  as  that  of  the  Two  CE? 

HI,  becaufe  each  of  thofe  Proportions  is  the  fame  as  that  6f 
the  Two  lines  BE,  BI.  Whence  it  follôws.  That  as  the  Two 
lines  AE,  CE,  aro  equal  to  one  another,  becaufe  the  point  E  • 
is  the  Center  of  the  Circle  ADCF,  the  Two  GI,  HI,  will 
alfo  be  equal  to  one  another. 

If  thro*  the  point  F  taken,  at  pleafure,  upon  the  Circum¬ 
ference  ADC,  you  draw  to  B  the  Vertex  the  Cone  ABCD, 
the  Right-line  BF,  which  will  run  along  the  Surface  of  this 
Cone,  and  cut  the  plain  GHK  at  the  point  K  ;  and  if  you 
likewife  draw  the  lines  ÈFjIK,  they  will  be  parallel,  by  j6  1 1. 
becaufe  théy  are  the  Sections  of  the  Two  parallel  Plains 
ADC,  GKH,  and  of  the  third  EBF,  which  makes  the  T wo 
Triangles  BIK,  BEF,  be  Similar,  and  by  ^.  6.  EF  :  will  be  to 
IK:;  as  BE;  is  to  BI  ;  anid  confcquently  as  AE  ;  is  to  GI, 
and  as  CE  is  to  HI  ;  whence  it  is  cafy  to  conclude,  that  as 
the  Two  AEjCE,  are  equal  to  one  another,  as  well  as  the 
Two  GI,  HI  ;  fo  likev/ife  are  the  Three  IG,  IH,  IK,  and  con- 
fequently  the  Section  GKH  is  a  Circle.  êt^E.D, 

THEOREM  IIL;  ^ 

If  a  Scalenous  Cone  he  cut  hy  a  Tlainy.  vohich  being 
perpendicular  to  the  Bafe  of  the  Triangle  of  ) he 
ytxis^  cuts  off  from  that  Triangle  ft  awards  the 
Vertex)  another  Triangle  Similar  to  it  in  a  conf 
trary  Tofition  ;  the  Section  will  he  a  Circle. 

ISay,  That  if  tlie  Scalenous  Cone  ABCD,  be  cut  by  a  Plain 
perpendicular  to  the  plain  ABC,  and  to  the  Bafe  AC’of 
the  Triangle  of  the  Axis  ABC,  in  fuch  manner  that  the  Tri-  ^ 
angle  BEF  (terminated  by  EF  theSeftion  of  the  cutting  Plai  11 
and  Triangle  of  the  Axis)  be  Similar  to  the  faki  THangle' 

A  3  ABC 
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2.  ABC  in  a  contrary  Pofition,  which  is  callM  a  Suhcontravy 
4.  SeBion-,  that  is,  if  the  Angle  BEF  be  equal  to  the  Angle  ACB, 
,  and  the  Angle  BFE  to  the  Angle  BAC,  the  Section  EKF  of 
the  Cone  and  cutting  Plain  is  a  Circle, 

^  ,  DEMONSTRATION. 

If  thro’the  point  G,  taken,  at  pleafure,  upon  EF  the  com¬ 
mon  Seftjon  of  the  Plain  IKF,  and  of  the  Triangle  of  the 
<5  Axis  ABC,  you  draw  the  line  HI  parallel  to  AC  the  Dia¬ 
meter  of  ADC  Bafe  of  the  Cone,  and  that  a  Plain  be  made  to 
pafs  along  HI,  being  parallel  to  the  faid  Bafe  ADC  ;  the 
Seftion  HKI  of  that  plain  HRI,  and  of  the  Cone  will  be  a 
Circle,  whofe  Diarneter  is  HI,  by  Theer.  2.  and  becaufe  the 
Plain  EKF,  as  well  as  the  Plain  HKI,  is  perpendicular  to  the 
plain  of  ABC  the  Triangle  of  the  Axis,  their  common  Seflion 
0  ‘  GK  willlikewife  be  perpendicular  to  the  faid  Triangle  ABC, 

ly  19.  1 1,  and  confequently  to  the  Two  lines  HI,  EF:  and 
becaufe  each  of  the  Triangles  BEF,  BHI,  is  Similar  to  ABC 
the  Triangle  of  the  Axis,  they  will  be  Similar  to  one  an¬ 
other,  and  the  Angle  F  will  be  equal  to  the  Angle  H,  and 
the  Angle  E  to  the  Angle  I,  which  makes  the  Triangles 
EGH,  IGF  Similar,  and  it  will  be  known  by  4.6.  that  the  Four 
lines  GFI  :  GE  ;  ;  GF  :  GI  ;  are  Proportional,  and  by  16.  6. 
that  the  Reftangle  of  the  Two  lines  GE,  GF,  is  equal  to  that 
of  the  Two  GH,  GI,  that  is,  ^^  35-  3;  to  the  Square  of  the 
,  line  GK  ;  whence  it  is  eafy  to  conclude,  that  the  Seftioq 
EKF,  is  a  Circle.  ^E.  D. 

9 

THEOREM  IV. 

/fa  Cone  he  cut  hy  a  Thiny  which  being  perpendicular 
to  the  Bafe  of  the  Triangle  of  the  J^xis,  cuts  off 
from  the  Triangle  towards  the  Vertex  another  Tri* 
angle  BiiJJimtlar^  the  SeSiion  will  he  an  Ellip/is, 

ISay,  That  if  the  Cone  ABCD,  whofe  Bafis  is  the  Circl® 
ADC,  and  the  Triangle  of  the  Akis  ABC,  be  cut  by  a 
5-,  Plain,  which  being  perpendicular  to  the  Bafe,  as  well  as  the 
Plain  of  the  T riangle  of  the  Axis  ABC,  and  cutting  the  T  wo 
Sides  AB  AC  of  the  Triangle  at  the  points  E,  F,  takes  off 
from  the  faid  Triangle  ABC,  the  lijttle  Diflimilar  Triangle 
BEF,  whofe  Bafe  EF  is  the  common  Seâion  of  the  cutting 
Plain,  and  of  the  Triangle  of  the  Axis  ABC;  the  SeÜion  EN,  * 

FH 
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FH  of  that  cutting  Plain,  and  of  the  Cone  is  an  £////>/;  ;  [viz.) 
a  plain  Figure  terminated  by  a  Curve-line,  in  which  the  Squares  i 

of  the  Ordinates  to  one  Diameter,  as  to  the  Diameter  EF,  are  5. 
proportional  to  the  Reftangles  under  the  correfpondent  parts 
of  the  faid  Diameter. 

PREPARATION. 

If  by  thought  you  cut  the  Cone  ÂBCD,  by  a  Plain, 

( which  going  between  the  ends  E,  F,  of  the  line  EF  which 
is  call’d  the  Diameter  of  the  SeBion,  be  parallel  to  the  Bafe 
ADC  of  the  Cone  ABC,)  you  will  have  by  that  Seftion  the 
Circle  GLHM,  whofe  Diameter  GH  being  the  common 
Seftion  of  the  cutting  Plain,  and  of  the  Triangle  of  the 
Axis  ABC,  will  be  parallel  to  AC  the  Diameter  of  the  Bale 
ADC. 

Then  let  the  Cone  ABCD  be  cut  by  another  Plain,  ( which 
going  between  the  faid  ends  EF  of  the  Diameter  of  the 
Seflion  EF,  muft  alfo  be  parallel  to  the  Bafe  ADC  of  the 
Cone  ABCD,)  to  have  by  that  Second  Section,  the  Circle 
INKO,  whofe  Diameter  IK  being  the  common  Seftion  of 
that  Second  cutting  Plain,  and  of  the  Triangle  of  the  Axis 
ABC,  will  be  parallel  to  AC  the  Bafe  of  the  faid  Triangle 
ABC,  and  confequently  to  the  Diameter  GH 

Laftly,  Draw  thro’  the  oppofite  points  L,  M,  where  the 
Seftion  ENFH  is  cut  by  the  Circle  GLHM,  the  Line  LMj 
which  will  be  divided  at  Right-angles,  and  into  Two  equal 
parts  by  the  Diameter  of  the  Seftion  EF,  at  the  point  P, 
where  the  Two  Diameters  EF,  GH  int;erfé£i:.  Likewile 
draw  thro’  the  Two  oppofite  points  N,  O,  where  the  faid 
Seftion  ENFH  is  cut  by  the  Circle  INKO,  the  Right-line 
NO,  which  will  be  alfo  cut  at  Right-angles,  and  into  Two 
equal  parts  by  the  Diameter  of  the  Seârion  EF,  at  the  point 
R,  where  the  Two  Diameters  EF,  IK,  interfeft.  Whence 
it  follows,  That  the  Two  Lines  LM,  NO,  are  Ordinates 
to  the  Diameter  EF,  and  that  the  faid  Diameter  EF  is  an 
Axis. 

1 

DEMONSTRATION. 

This  Preparation  being  made,  you  will  have  in  the  fimiîàr 
Triangles  GPE,  IRE, -this  Analogy,  GP:  IR:  ;  EP:  ER  ;  and" 
in  thè  Two  fimilar  Triangles  HPF,KRF,  yoU  will  have  thiSj, 

HP:  KR:  :  FP;  FR  ;  and  if  of  the  Homologous  Terms  of  thefe 
T wo  Analogiès,  Reftangles  be  made,  as  you  fee  here,  you 
will  h^ve  a  Third  Analogy  thus  : 


s  ,  ^  Treatije  of 


GP:  IR:;  EP:  ER, 
HP:  KR.-:  FP:  FR, 


GPHP;  IRKR:;.  EPFP:  ERFR. 

GPHP:  IRKR::  EPFP;  ERFR,  in  which,  if  inftead  of  the 
Two  Firft  Terms,  that  is,  the  Reftangle  of  the  lines  GP,HP, 
and  the  Re£tangle  cyf  the  lines  IR,  KR,  you  put  the  Two 
Squares,  PL,  RN,  which  are  equal  to  ’em,  by  the  Nature  of 
the’ Circle,  you  will  know  that  the  Square  PL:  is  to  the 
Square  RN::  as  the  Reftangle  under  the  lines  EP,FP,  is  to  the 
Rectangle  under  the  lines  ER,FR,  and  confequently,  that  the 
Sedibn  ENFH  is  an  Ellipfis. 


THEOREM  V. 


Jf  a  Circle  he  parallel  to  the  VïEîuxe^  its  appearance 
■  in  the  Pilîure  will  alfo  he  a  Circle,  ’  .  , 

I 

IF  you  imagine  Rays  to  come  from  all  the  Points  of  the 
propos’d  Circle  and  be  terminated  in  the  Éye,  they  will 
,ft)rm  a  Cône,  whofe  T^i:?^:c  will  be  the  Eye,  and  Bafis  the 
Circle:  And  as  that  Cone  is  cut  by  a  Plain  parallel  to  its  Bafe 
('ui’ss.  by  the  Pifture)  it  follows;  hy  Theorm  .2.  that  the  Seblioin 
or  Appearance  is  a  Circle.  êl^E.D. 


THEOREM  VI. 


If  a  Circle  is  not  parallel  to  the  Tiflure^  and  its 
Tlain  being  continued  does  not  pafs  thro  the  Eye^^ 
its  yîppearance  on  the  Picture  will  he  either  an 
Ellipfis^  or  a  Circle, 


IF  you  imagine  Rays  to  come  from  all  the  points  of  the 
propos’d  Circle  and  be  terminated  in  the  Eye,  they  will, 
^as  before,  form  a  Cone,  which  will  be  cut  obliquely  by  the 
plain  of  the  Pifture  ;  and  confequently,  the  Seftion  can  only 
bc.an  Elliplis,  by  Theorem' <1^.  unlefs  the  Seftion  of  the  Cone 
be  Jubcontrary^  m  which  cafe  it  will  be  a  Circle,  by  Tkeo^ 
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THEOREM  Vn. 

If  a  Right -line  he  parallel  to  the  ViElure^  the 
pearance  of  it  in  the  Tiliure  will  he  parallel  to 
the  [aid  Right  dine.  •  . 

9 

IF  the  line  ^,7,  be  parallel  to  the  Pl£l:ure  FGHl,  I  fay  that  ^ 
its  Appearance  3,  4,  is  parallel  to  it  :  For  if  you  fuppofe^.  ^ 
a  Plain  along  the  propos’d  Line  7,  to  be  parallel  to  the  ' 
Pitore,  as  the  plain  5,  5,  7,  9,  the  Seàions  of  thefeTwo.pa- 
rallel  plains  FGHI,  5^79»  by  the  Third  Triangular  Plain 
^£7,  namely,,  6,  7,  and  3,  4,  will  be  parallel,  by  16.  11. 

COROLLARY. 

From  this  Propofition  it  follows,  That  if  the  Line  propos’d 
be  parallel  to  the  Ground-line  FG,  as  5,6,  its  Appearance 
1,4,  will  alfo  be  parallel  to  the  Ground-line  FG:  And  that 
if  the  propos’d  Line  be  parallel  to  the  Vertical  Plain,  or  per¬ 
pendicular  to  the  Horizon,  as  5,  9,  its  Appearance  i,  1,  will 
bç  perpendicular  to  the  Ground-line  FG .  And  laftly.  That 
if  the  Line  propos’d  be  Inclin’d  to  the  Horizon,  as  7,  its 
Appearance  I,  3;  will  be  likéwife  Inclin’d  ;  fo  that  if  it  be 
produc’d  foTar  as  to  meet  thé  Ground-line  FG,  it  will  make 
with  it  an  Angle  equal  to  that,  which  the  Line  propos’d  makes 
with  the  Geometrical  Plain. 

3  ^  T  H  E  O  R  E  M  vm. 

.,7  ;  ' 

If  a  RightUine  being  produc'd  meets  the  ViSiiire^  its 
j^ppearance  in  the  PiUure  '  being  produc'd^  will  go 
thrd  its  Accidental  Point. 

IF  the  line  7,  8,  being  pjroduçM,  meets  the  Pifture  FGHÏ,  ^ 

I  fay,  That  its  Appearance  3  R  in  the  Pifture  vvill  be  part 
of  the  line  S  3,  which  is  drawn  thro’  the  Appearance  3  of  the 
point  7,  and  thro’ the  accidental  point  S,  terminated  in  the 
Pifture  by  the  Ray  ER  parallel  to  the  propos’d  line  7,  8  ;  that 
is  to  fayj  That  if  in  the  line  7,  8,  you  take  as  many  points 
as  you  pleafe,  as  8,  and  that  from  thence  you  draw  as  many 
Rays  towards  the  Eye  E,  as  E8,  the  Ray  E8  will  pafs  thro’ 
fomc  point  of  the  line  S3,  as  R.  ’  . 


DE- 
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demonstration. 

VUt!  I ,  For  the  Plain,  which  goes  thro’  the  T  wo  parallel  Lines  ES, 
2.  78,  cuts, that  of  the  Picture  by  the  line  S3,  and  becaufe  the 
points  E8,  are  taken  in  Two  parallel  Lines,  the  line  E8  drawn 
from  one  point  to  the  other,  is  of  necefllty  in  their  Plain, 
by  II.  wherefore  when  it  palTes  into  the  Pi^turej  it  mull 
be  in  the  common  Section  S3.V  -D. 

COROLLARY. 

It  is  evident  from  this  Theorem,  That  the  Appearance  of  a 
line  perpendicular  to  the  Pifture,  fuch  as  is  here  the  line  pro¬ 
pos’d  7,  8,  is  a  Right-line,  which,  being  produc’d,  goes  thro* 
the  principal  Point  S,  and  that  the  appearance  of  a  Hori¬ 
zontal  Line  which  makes  half  a  Right-angle  with  the  Pifture^ 
or  an  Angle  of  45  Degrees,  goes  thro’  the  point  of  Diftance 
on  that  fide. 

THEO  R  ’É  M  IX. 

IfTvio  Right-lines^  which  are  parallel  to  the  TiBure^ 
'  and  equal  to  one  another ^  proceed  from  the  fame 
Toint  ;  their  jlppearances  in  the  TiBurewiU  like» 
wife  he  equal  to  one  another^ 

■  i 

VUÜ  3.  TF  from  the  point  L,  proceed  .Two  equal  Right-lines  LM, 
6.  Jl  LN,  parallel  to  the  Pifbure  ÊGHI,  I  fay,  That  their  Ap¬ 
pearances  12, 13,  are  alfb  equal  to  one  another;  as  you  may 
know  by  drawing  from  the  Eye  E,  the  Rays  EL, EM. 

‘•  V  • 

DEMONSTRATION. 

For  the  line  12  is  parallel  the  line  LM,  and  the  line 
13  to  the  Line  LN,  by  The&rem6,  which  caufes  the  Two  Tri¬ 
angles  ELN,  E  1 3  to  be  Similar,  as  alfo  the  Two  ELM,  E  1 2  5 
whence  it  is  eafy  to  conclude,  by  4.6.  That  as  EL:  is  to  Ei:  : 
fo  is  LM:  to  12;  and  LN:  to  13,  'and  confequently,  that  the 
FourLM;LN::  12:  13,  are  proportional:  And  becaufe  the 
Two  Firft  LM,LN,  are  fuppos’d  equal  ;  the  Two  Laft  ^  2, 1 3, 
rauft  of  necefiity  be  alfo  equal. 


CO- 
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%, 

COROLLARY. 

ît  follows,  hy  lo,  II.  That  fince  the  Two  lines  LM)  LN,  3* 
are*  parallel  to  the  Two  12,  13,  the  Angle  L  of  the  Two 
lines  LM,  LN,  is  alfo  equal  to  the  Angle  i  of  their  Appear- 
Wes  12,  13. 

THEOREM  X. 

If  a  Righuhne  pc^raUel  to  the  TiBure  be  divided  into  • 
equal  Tarts, the  ^appearances  of  tbofe  Tarts  in  the 
TiBure  will  be  Equal, 

IF  the  Right-line  LO  be  parallel  to  the  Pifture  FGHÎ,  and 
divided,  for  Example,  into  Two  equal  parts  at  the  point 
M  ;  I  fay,  That  the  appearances  1 2,  24,  of  the  equal  parts 
LM,NO,  are  alfo  equal  ;  as  may  be  known,  if  from  the  Eye 
E,  you  draw  the  Rays  EL,EM,EO. 

DEMONSTRATION. 

For  the  line  14  is  parallel  to  the  line  LO,  hy  Theorem  7.’ 
which  caufes  the  Two  Triangles  ELM,  E  12,  to  be  Equian¬ 
gular,  as  alfo  the  Two  EMO,  E  24,  whence  we  conclude,  hy 
4.  6.  That  EM;  is  to  E  2:  ;  as  LM;  is  to  1 2,  and  as  MO:  is  to 
24,  and  confequently,  that  the  Four  Lines  LM:  MO:;  la:  24 
are  proportional  :  And  becaufe  the  T  wo  Firft  LM,  MO  are 
fuppos’d  equal,  the  Two  Laft  12,  24,  muft  alfo  be  equal, 
^B.D. 

SCHOLIUM. 

If  the  line  LO  was  produc’d  to  O,  in  fuch  manner  that 
the  part  added  to  it  Ihou’d  be  equal  to  LM,  or  to  MO  ;  One 
might  demonftrate  after  the  fame’ manner,  Tliat  the  Appear¬ 
ance  of  that  new  Line  added  will  be  equal  to  the  part  LM, 
or  to  the  appearance  24  of  the  other  part  MO. 


THEO- 
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< 

THEOREM  XL 


If  Tvoo  Right  lines  Equal  to  one  .  another  ^  and  Pa¬ 
rallel  to  the  TiBure^  be  equally  Diflant  from  'the 
PiBure  ;  their  Appearances  in  the  tiBure  will  be 
Equal,  - 


3.  "^1  ^HE  lines  LMj  NO,  are  fuppos’d  equal,  and  parallel  to 
7*  A  another,  and  to  the  Pifture  FGHI,  and  alfo  equally 
diftant  from  the  Pifture,  fo  that  the  line  LN,or  MO,  which 
•  joins  their  Extrerrtities,  is  parallel  to  the  Ground-line  FG, 
and  confequently  to  the  Horizontal-line’ VX.  I  fay,  That  in 
fuch  a  cafe,  the  Appearances  12,  34,  of  the  Two  equal  lines . 
LM,  NO,  are  alfo  equal. 


DEMONSTRATION. 

-i/r 

Vox  (‘mcQy  hy  Theorem6,  t\\Q  Appearances  of  the  lines  LM,, 
NO,  which  are  parallel  to  the  Pifture  FGHI,  'oiz,  1 2,  34,  are: 
parallel  to  oné  another,  as  well  as  the  Two  13,  24,  which  are  : 
the  Appearances  of  the  lines  LN,MO,  parallel  to  one  another- 
and  to  the  Picture  ;  the  Figure  1,2,4,'?  ,  will  he  a  Paralellogram, , 
whofe  Two  npppfite  hdes  12,  34,  are,  by  34.  i.  equal  to  one: 
another.  D*  ^  * 

T  H  E  O  R  E  M  XIL 

If  from  as  many  Points  ns  you  will  of  a  Right  •line  yy 
(which  being  produc'd  meets  to  the  TiBure^  be*, 
drawn  as  many  equal  Right  lines,  parallel  to  one*, 
another,,  and  to  the  PiBure,  their  Appearances  im 
the  PiBure  will  he  terminated  by  RightJineSy, 
which  being  produc'd,  will  go  thro  the  Accident ali 
Point  of  that  Right  dine, 

P  lafç  ROM  the  T  wo  points  L,N,  of  the  Right-line  LN,  whofe; 

J-  accidental  point  is  S,  draw  the  Two  equal  Lines  LM,  ' 
NO,  parallel  to  one  another,  and  to  the  Pifture  FGHI  ;  them 
I  fay.  That  the  Appearances  12,  34,  of  thofeTwo  Lines  LM,j 
NO,  mufl:  be  terminated  by  the  lines  13,  24,  which  beingj 
produc’d,  will  fall  into  the  accidental  point  S. 

DEMONSTRATION. 


•  For  fince  the  lines  LM,  NO?  are  parallel,  and  equal  to  one: 
another,  the  lines  LN,MO,  which  join  their  Extremities  will  , 

;  ,  '  ■  alfo- 
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PROBLEMS.  15 

alfo  be  equal  and  parallel,  by  33,  i.  and  one  of'tliofeTwo 
lines,  LN  being  fuppos’d  parallel  to  the  Ray  ES,  the  other 
line  MO  will  be  alfo  parallel  to  the  faid  Rây  ES,  and  the 
point  S  will  be  the  Accidental  Point  of  the  Two  Lines  LN, 

MO,  where  their  Appearances  13,  24,  muft  concur,  by  Theo^ 
re?n  7. 

PROBLEMS. 

PROBLEM!, 

A  Point  being  ghen  in  the  Geometrical  Plain^  how  to 
find  its  Jppearmce  in  the  Piêîure, 

Let  L  be  the  point  given  in  the  Geometrical  V\ûn]  Plate  ^ 
whole  Appearance  is  to  be  found  in  the  Pifture  FGHI,  Fig,  9» 
whole  point  of  Sight  is  S,  in  relpeâ:  of  the  Eye  at  E,  and  thé 
Horizontal  Line  VX  ;  mark  upon  that  Horizontal  Line  VX, 
the  Two  parts  SV,SX,  each  equal  to  the  principal  Ray  ES,  or 
to  the  diftance  from  the  Eye  to  the  Pifture,  to  have  at  V  and 
X  the  Two  points  of  Diftance,  by  means  of  which,  the  Ap¬ 
pearance  of  L  the  point  propos’d  will  be  thus  found: 

Draw  from  that  point  L,  the  line  LM  perpendicular  to  the 
Ground-line  FG  ;  and  from  the  point  M,  where  that  Perpen¬ 
dicular  cuts  the  Horizontal-line,  draw  to  the  principal  Point 
S,  the  Right-line  MS.  Set  oiF  the  Length  of  the  perpendicu¬ 
lar  LM,  from  M  along  the  Ground-line  FG,  either  on  the. 

Right,  or  on  the  left,  as  for  Example^  to  N,  and  draw  thro’ 
that  point  N,  and  thro’  X  the  oppofite  point  of  Diftance,  the 
line  XN,  which  will  upon  the  line  SM  give  the  Appearance 
,of  the  propos’d  point  L,  at  O. 

DEMONSTRATION. 

For  if  you  join  EX,LN,  you  will  ealily  know  that  they  are 
parallel  to  one  another,  becaufe  the  Angles  which  they  make 
with  the  Pifture  are  Half-right,  by  reafon  of  the  Rectangular 
IlolcclesTriangles  ESK,LMN  ;  wherefore  X  the  point  of  Di» 
fiance  will  be  the  Accidental  Point  of  the  Line  LN,  and,  by 
Theorem  8.  the  Appearance  of  the  point  L  will  be  in  feme 
point  of  tfhe  line  XN,  and  as  it  is  alfo  in  the  line  SM,  becaufe 
LM  is  perpendicular  to  the  PiClure,  the  point  O  their  com¬ 
mon  Section  muft  be  the’  Reprefentation  of  L  the  Point  pro¬ 
pos’d. 


sen  o. 
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A  Treaiife  of  Per/peélive» 

SCHOLIUM. 

'PUte  4.  It  IS  plain  that  O  is  the  Appearance  of  the  point  L  but  irt 

Fig,  refpefl:  to  the  point  E,  where  we  have  fupposM  the  Eye,  and 

where  confequently  it  muft  be  plac’d  when  the  Pifture  is  to 
be  look’d  at  from  fuch  a  place,  that  O  may  exaftly  Reprelent 
the  point  L  :  For  if  the  Eye  be  any  where  elfe  befides  E, 
cither  the  point  of  the  Sight  will  be  chang’d,  or  the  Difiance 
betwixt  the  Eye  and  the  Pifture,  and  then  the  Points  of  Di- 
ftance  V,  X,  will  no  longer  be  the  fame  :  And  the  Reprefen- 
tation  of  the  point  L  will  no  longer  be  in  O.  • 
o  One  may  by  help  of  this  Problem  reprefent  in  the  Pi£lurô 
any  Figure  that  is  fuppos’d  to  be  in  the  Geometrical  Plains 
tor  if  that  Figure  be  made  up  of  feveral  Rightilines,  the  Ap¬ 
pearance  of  each  in  particular  may  be  found,  by  finding  out 
the  Appearances  of  the  Two  points  which  terminate  its 
And  if  it  have  fome  Curve  Lines  ;  their  Appearances  may  be 
fpund,  if  by  One  Line  you  join  feveral  points  in  the  Pifture, 
which  will  be  the  Appearances  of  as  many  other  points  taken 
at  pleafure  on  the  Curves  of  the  Geometrical  Plain. 

*  ‘  P  R  0  B  L  E  M  IL 

A  Toint  Wing  given  in  the  Geometrical  Thin  from 
whence  proceeds  a  Right -line  perpendicular  to  the 
Horizon^  whofe  Length  is  given  ;  how  to  find  the 
Appearance  of  fuch  a  Line  in  the  TiBure. 

The  point  L  is  given  in  the  Geometrical  Plain,  and 
there  ftands  upon  it  an  upright  Line,  whofe  length 
LM  is  given.  It  is  requir’d  to  find  the  Appearance  of  that 
line  LM  in  the  Pifture  FGHI,  whofe  Principal  Point  is  Sj 
and  the  Two  points  of  Diftance  V,X. 

Having  thro’  the  point  L,  drawn  the  line  LN  parallel  to 
the  Ground-line  FG,  and  equal  to  the  propos’d  LM,  draw 
from  the  point  L,N,  the  lines  LPj  NQ,  perpendicular  to  the 
Ground-line  FG,  and  by  Problem  i.  find  the  Appearances  i,  3, 
of  the  T  wo  points  LN  ;  that  is,  the  Appearance  1 3  of  the  line 
LN.  Then  raife  from  the  point!,  the  line  12,  perpendicular  to 
the  Ground-line  FG,  and  equal  to  the  line  13$  and  that  perpen- 
'  dicular  1 2  will  be  the  Appearance  of  LM,  the  Line  propos’d. 

DEMONSTR  ATTON. 

• 

■  For  if  the  line  LM  be  perpendicular  to  the  Geometrical 
Plain  ABCD,  its  Appearance  in  the  Pifture  will  be  perpen¬ 
dicular  to  the  Ground-line  FG,  by  Theorem  7.  and  it  will  pals 
thro’  the  point  i,  which  is  the  Appearance  of  the  point  L  : 

And 


PROBLEMS.  ts' 

And  becaufe  LM  is  perpendicular  and  equal  to  LN,  which 
proceeds  from  the  point  L,  and  is  parallel  to  the  Ground-line  3* 
FG,  the  Appearances  of  thefe  Two  equal  lines  LM,LN,  ought 
to  be  equal,  hy  Theorem  9.  wherefore  the  Line  12,  which  goes 
from  the  Point  i,  having  been  drawn  perpendicular  to  the 
Ground-line  FG,  and  equal  to  13,  which  is  the  Appearance 
of  the  Line  LN,  will  be  the  Appearance  of  the  Line  LM, 

SCHOLIUM. 

In  the  Pra8:ice  you  need  not  draw  the  line  LN,  only  after 
you  have  drawn  from  the  point  L,  LP  perpendicular  to  the 
Ground-line  FG,  you  muft  take  upon  that  Ground-line  PG 
the  part  PQ  equal  to  the  propos’d  line  LM,  and  draw  from 
the  principal  Point  S,  thro’  the  point  Q,  the  Right-line  SQ, 
which  will  terminate  at  the  point  3,  the  line  13  parallel  to 
the  Ground-line  FG;  and  that  line  13  will  be  the  length  of 
12  the  perpendicular  requir’d. 

One  may  by  means  of  this  Problem  reprefent  in  the 
Figure  any  Prifm  of  known  Height,  whofe  Plan  is  given  in 
the  Geometrical  Plain,  by  deferibing  the  Appearance  of  that 
Plan  in  the  Picture  by  ProbL  r.  and  raifing  from  the  Points  of 
that  Appearance  Lines  perpendicular  to  the  Ground-line, 
and  equal  in  Height  to  the  propos’d  Prifm,  as  we  have  juft 
caught. 

PROBL  E^M  III. 

*  » 

A  ? oint  being  given  in  the  Geometrical  Plain,  from 
whence  an  Inclin'd  Right -line  of  known  length 
proceeds  ;  how  to  find  in  the  Figure  the  Appear¬ 
ance  of  that  Inclind  Line, 

SUppofe  the  Inclin’d  Line  LM,  of  given  Length  and  P0IÎ- 

tion,to  be  drawn  from  L  a  point  given  in  the  Geometrical  .q* 
Plain  ABCD.  To  find  its  Appearance  in  the  Pifture  FGHT, 
whofe  point  of  Sight  is  S,  and  one  of  the  points  of  Diftance 
X  ;  draw  from  the  upper  End  M,  the  line  MN  perpendicular 
to  the  Geometrical  Plain  ABCD,  to  have  at  N  i^pon  that 
Geometrical  Plain  the  Situation  of  the  end  M  ;  and  having 
hy  Probl.  I.  found  out  the  Appearances  i,  2,  of  the  Two 
points  LN,  which  are  upon  the  Geometrical  Plain  ABCD, 
find  out  byProbLz.  the  Appearance  2,3,  of  the  Perpendi¬ 
cular  MN,  and  draw  ‘the  Right-line  1,3,  which  will  be  the 
Appearance  of  the  Inclin’d  Line  LM,  becaufe  the  point  L  is 
reprefented  by  the  point  I,  and  the  point  M  by  the  point  3. 

.  h  C  H  f 
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SCHOLIUM. 

One  may  alfo  by  means  of  this  Problem  reprefent  m  the 
T'late  Picture  a  Body  Inclin’d  and  cut  Sloping,  whofe  Ichnography 
-Fig.  lo.you  have  on  the  Geometrical  Plain,  the  Height  of  all  its  parts  ; 
being  known  ;  namely,  by  finding  out  hy  Probl.  i,  the  Ap¬ 
pearance  of  the  Plan  of  the  Body,  and  afterwards  finding  : 
out  the  Appearance  of  all  the  Inclin’d  Lines  which  terminate 
that  Inclin’d  Body,  as  has  been  taught. 

PerJpeBive  Praàicd,  which  we  fhall  teach  after  thefe  Pro-  ■ 
blems,  will  fliew  you  better  how  to  put  the  Three  foregoing 
Problems  in  practice,  which  will  fuffice  for  the  common 
Operations  of  Perfpecfive  ;  But  to  folve  feveral  Difficulties . 
•  which  may  occur,  we  fhall  here  add  the  following  Problems* 

P  E:  0  B  L  E  M  IV. 

Appearance  of  a  Right -hne  of  the  Geometrical  ' 
Vlain  being  given  in  the  VtSlure  ;  how  to  find  out 
the  Length  and  Pofition  of  that  Right -line  in  the 
.  Geometrical  Plain. 


I  I.  '■"I  ■"'HE  Line  AB  reprefents  the  Ground-line,  and  its  Par- 
A  UD  the  Horizontal  Line,  upon  which  are  mark’d 


the  Point  of  Sight  V,  and  D,  D,  the  Two  points  of  Diftance, 
equally  diftant  from  V  the  principal  Point.  \Ve  fhall  al¬ 
ways  rnark  thefe  things  by  the  fame  Letters,  that' we  may 
not  be  oblig’d  to  repeat  ’em  every  time.  The  Reft  which  is 
beldu'  the  Ground-line  AB  muft  be  taken  for  the  Geometri¬ 
cal  Plain,  which  muft  be  fuppos’d  behind  the  Pifture. 

The  line  EG  is  the  Appearance  of  a  Line  of  the  Geometri¬ 
cal  Plain,  and  you  muft  find  upon  the  Geometrical  Plain  the 
length  and  pofition  of  that  Line  which  is  reprefented  in  the 
Pifture  by  the  line  EG.  Draw  thro’  F,  G,  the  Two  ends  of’ 
the  propos’d  line  EG,  to  One  of  the  points  of  Diftance  D, 
the  Right-lines  DB,  DE  ;  and  the  principal  Point  V  the 
Right-lines  VM,  VN  ;  and  thro’  the  Points  M,  N,  of  the 
Ground-line  AB,  draw  to  the  faid  Ground-line  the  Perpendi-  i 
culars  MO,  NP,  in  fuch  manner  that  MO  may  be  equal  to  i 
ME,  andNP  to  NB,and  draw  the  Right-line  OP,  which  will 
be  the  Line  requir’d. 


DEMONSTRATION. 

For  it  is  plain  hy  ProbU  i.  that  the  point  F  is  the  Appear¬ 
ance  of  tlie  point  O,  and  the  point  G  the  Appearance  of 

the 


I 


V 
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the  t)omt  P,  and  confequenrly  that  the  line  FG  is  the  Ap- 
pcaranCe  of  the  line  OP.  Thus  we  have  found  upon  the  L 
Gèortietrical  Plain  the  Length  and  Pofition  of  the  line  OP^ 
\Vhofe  Appearance  FG  was  given  in  the  Picture.  ^E.  I.  ér  D, 


SCHOLIUM. 

You  may  do  it  without  having  any  regard  to  the  principal 
Point  V,  if  youfhave  the  points  of  Diftanceas  here  ;  namely^ 
if  you  draw  thro*  thofe  Two  points  of  Diftance  D,  D,  and 
thro’  the  Ends  F,  G,  of  FG  the  line  propos’d,  the  Right-lines 
DE,  DB  ;  and  if  you  divide  the  diftance  EE  into  Two  equal 
parts  at  the  point  M,  and  the  diftance  BB  at  the  point  N,  to 
make  an  End  of  thé  reft  as  before. 

It  is  evident  that  when  FG  the  line  propos’d  is  not  parallèl 
to  the  Horizontal-line  AB,  Being  produc’d  it  will  meet  thé 
faid  Horizontal-line  in  a  point,  as  C,  thro’  which  alfo  the 
line  OP  will  pafs  when  produc’d,  whofe  Appearance  is  the 
line  FG  ;  and  this  may  afford  us  a  ftiorter  Méthod  iii  the 
Praftice. 

If  FG  the  Lifie  propos'd  was  a  Curve,  in  which  cafe  it 
wou’d  alfo  reprefent  a  Curve,  you  might  after  the  famé 
Manner  find  that  CUrve  upon  the  Geometrical  Plain  ; 
namely,  by  finding  feverai  of  its  points  upon  the  Geome¬ 
trical  Plain,  after  the  fame  manner  as  you  found  out  the  point 
O,  whofe  Appearance  is  F,  and  the  point  P,  whofe  Appear¬ 
ance  is  G. 

If  FG  the  Line  propos’d  ftioù’d  tend  to  the  principal 
Point  V,  in  which  cafe  the  Two  points  M,N,  woU’d  coin¬ 
cide,  it  wou’d  reprefent  a  Line  perpendicular  to  the  Figure, 
hy  Theor.  8.  and  then  it  wou’d  fuffice  to  find  out  Oile  of  its 
Ends  upon  the  Geometrical  Plain,  to  draw  from  it  a  Perpen¬ 
dicular  to  the  Ground-line  AB  ,  which  being  equal  to  the 
diftance  of  the  points  EB ,  terminated  by  the  Two  Rays 
which  go  from  the  fame  point  of  Diftance  I?,  will  be  the 
Line  requir’d. 

PROBLEM  V. 


Appearance  and  the  Situation  of  a  Rlghtdine 
rais'd  above  the  Geometrical  Tlain  been  given  in 
thé  PiSiure,  how  to  find  the  Length  and  Height  of 
that  Line  above  the  faid  Geometrical  Tlain. 


The  Right-line  CO  and  the  Situation  EP  of  a  Right-line 
rais’d  above  the  Horizon  being  given  in  the  Pi£l;ure, 
the  length  of  the  line  CO,  and  the  Height  of  the  Two  EndsF/^.  n. 
C,  O,  that  is,  the  Height  of  the  Two  Perpendiculars  CE,  OP, 
arc  requir’d.  *  B  Draw 
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?la,te  6.  Draw  firft  from  V  the  point  of  Sight,  thro’  the  points  ,E  P, 
Fig,  12.  the  Right-lines  VE,  VP,  which  being  produc’d  will  give 
upon  the  Ground-line  AB,the  points  T,S,  by  means  of  which, 
and  by  the  help  of  the  foregoing  Problem,  you  will  find  out 
the  pofition  and  length  FG  of  the  Situation  EP. 

Then  draw  thro’  E  the  point  of  Situation,  EH  parallel  to 
the  Ground-line  AB  and  equal  to  the  Perpendicular  CE  ;  and 
from  the  point  Q  taken  at  pleafure  upon  the  Horizontal  line 
DD,  draw  thro’  the  points  E,  H,  the  Right-lines  QI,  QK, 
which  will  give  upon  the  Ground-line  AB,  the  Height  IK  of 
the  point  C. 

Likcwile  draw  thro’  P  the  other  point  of  Situation  PL, 
parallel  to  the  Ground-line  AB,  and  equal  to  the  perpendi¬ 
cular  OP  ;  and  from  the  point  R  taken  at  pleafure  upon  the 
Horizontal  Line  DD,  draw  thro’  the  points  P,  L,  the  Lines 
RM,  RN,  which  will  give  upon  the  Ground-Line  AB,  the 
Height  MN  of  the  point  G. 

Laftly,  draw  from  the  point  F,FY  perpendicular  to  FG  and 
equal  to  IK  the  Height  v/hich  is  found  ;  And  likewife  from 
the  point  G,  the  line  GZ  perpendicular  to  the  faid  Line  FG, 
and  equal  to  MN  the  Height  which  is  alfo  found  ;  then  joyn 
YZ  which  will  reprefent  the  length  of  the  line  propos’d  CO, 

SCHOLIUM. 

If  CO  the  Line  propos’d  be  a  Curve,  you  mufl:  find  out 
the  Height  of  feveral  of  its  points,  as  we  have  already 
found  that  of  the  points  C,0  ;  then  find  upon  the  Line  FG, 
w^hich  may  be  a  Right  or  a  Curve  line,  the  Pofition  of  the  faid 
points,  to  draw  from  thofe  New  points  of  Situation  Perpen¬ 
diculars  to  the  line  FG,  which  muft  be  equal  to  the  Heights 
which  you  have  found  out,  and  which  correfpond  to  the  faid 
points  ;  and  if  you  joyn  the  Ends  of  all  thofe  Perpendiculars 
by  a  Curve,  this  new  Curve  will  be  that  which  is  reprefented 
in  the  Picture  by  the  Curve  propos’d. 

Whenever  the  Heights  IK,  MN  are  equal  to  one  another, 
that  wnll  Ihew  that  CO  the  Right-line  propos’d  is  Horizontal, 
that  is,  parallel  to  the  Geometrical  Plain,  and  then  it  will 
not  be  neceflary  to  draw  the  Two  Perpendiculars  FY,  GZ, 
to  find  out  the  Length  of  the  line  CO  ;  becaufe  in  fuch  a 
cafe  that  length  wnll  be  equal  to  the  Line  FG,  becaufe  of  the 
Two- equal  and  parallel  lines  FY,  GZ,  &c. 

By  means  of  this  Problem  you  may  eafily  find  çn.  the, Geo¬ 
metrical  Plain,  the  Length  and  Pofition  of  an  Inclin’d  Line,, 
^  whofe  Appearance  and  Situation  you  have  in  the  Figure.  As 
if  the  Inclin’d  Line  EO,  and  its  Situation  EP,  be  given  in  the 
Pifture,  you  muft  only  find  on  the  Geometrical  Plain  the  point 
F,  whofe  Reprefentacion  is  Ej  and  the  line  FG,  whofe  Appear¬ 
ance 


/ 
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ânce  is  EP  ;  with  the  Height  MN,  whofe  Appearance  is  OP  ;  <5. 

and  raife  from  rhf  point  G  the  perpendicular  GZ  equal  to  the  *  2. 
known  Height  MN  uponFG,  in  order  to  joyn  the  Right-line 
FZ,  which  will  give  the  Length  and  Portion  of  the  Inclin’d 
line  EO. 


P  R  O  B  L  E  M  VI. 

How  to  divide  into  Tarts  equal  in  Reprefentaiion  the 
Appearance  given  in  the  Ti^ure  of  a  Right-line 
Situated  upon  the  Geometrical  Flain, 

> 

There  may  be  feveral  cafes  becanfe  the  Line  propos’d  Fig,  i|. 

in  the  Pidure  may  be  parallel  to  the  Ground-line,  of 
toncur  with  the  point  of  Sight,  or  with  One  of  the  Two 
points  of  Diftance,  or  with  any  other  point  of  the  Hofiion- 
cal-line  :  But  all  thefe  Cafes  will  be  refolv’d  the  fame  way, 
by  means  of  a  point  which  w'e  lhall  take  indifferently  upon 
the  Horizontal-line,  as  you  will  fee. 

To  divide  GH,  the  Line  propos’d,/which  tends  to  the  Prin¬ 
cipal  point  V,  for  Example^  into  Three  parts  which  are  equal  in 
Reprefentation,  draw  thro’  its  Two  ends  G,  H,  from  the 
point  D,  taken  at  pleafure  upon  the  Horizontal-line  DD,  the 
Right-lines  DG,  DH,  and  produce  them  till  they  meet  the 
Ground-line  AD,  in  Two  points,  as  Ï,  K.  Then  divide  the 
part  IK  into  Three  equal  parts  at  the  points  5,4,  thro’  which 
drawing  to  the  faid  point  D,  Right-lines,  they  will  divide 
the  propos’d  Right-line  GH  into  Three  parts  equal  in  Repre¬ 
fentation. 

DEMONSTRATION. 

The  Demonftration  of  this  Operation  will  be  evident  to 
him  that  conhders  the  point  D  as  the  Accidental  point  of 
Four  parallel  Lines  which  are  fepreiented  by  lines  which  pro^ 
ceed  from  that  Accidental  point  D,  and  divide  into  Three 
equal  parts  the  line  of  the  Geometrical  Plain,  whofe  Ap¬ 
pearance  is  the  propos’d  line  GH. 

Likewife  to  divide  into  Three  parts  equal  in  RepreferT- 
tation,  the  line  NO,  which  tends  to  the  point  of  Diftance  D, 
draw  thro’  their  ends  N>  O,  from  the  point  V  taken  dt  plca- 
fure  upon  the  Horizontal-line  DD,  the  Right-lines  VL,  VM, 
and  having  divided  the  part  LM  of  the  Ground-line  AB,  into 
Three  equal  parts  at  the  points  5,  6,  you  muft  draw*  thro* 

— - ; - — - • — .  — 1.- — ■ 

p  That  is  y  to  divide  a  Line  in  the  Figure  in  fuch  manner  that  it  /hdUreprH* 
lent  a  Line  on  the  Gemetrical  flain  which  is  divided  into  equal  parts, 

B  i  thofe 
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Plate  6.  thofe  points  6,  to  the  faid  point  V,  Right-lines,  which  di- 
pil,  13.  vide  NO  the  line  propos’d  into  Three  parts  equal  in  Reprc- 
fenration. 

The  Operation  muft  be  the  fame  for  any  other  Line  î  but 
when  it  happens  to  be  parallel  to  the  Ground-line,  as  CD,  it 
will  fuffice  to  divide  it  into  Three  equal  parts  at  the  points 
7,  8,  which  will  be  the  fame  thing  as  if  the  part  EF  was  di¬ 
vided  into  Three  equal  parts  at  the  points  i,  2,  becaufe  that 
line  CD  reprefenting  a  line  parallel  to  the  Pifture,  by  Thear.  7* 
jtsDivifions  muft  lyiTheor.  10.  be  equal  to  one  another. 

SCHOLIUM. 

This  Problem  may  alfo  be  folv’d  in  general  by  finding 
upon  the  Geometrical  Plain  by Prob/,i,  tbit  line  whofe  Appear¬ 
ance  is  the  line  propos’d  in  the  Picture,  and  dividing  into  parts 
veally  equal,  that  line  of  the  Geometrical  Plain,  w^hich  we 
Ihall  hence-forward  call  the  Geometrical  Line^  and  which  is 
alfo  call’d  the  ObjeBive  Line,  this  Term  generally  fignifying 
every  line  which  being  out  of  the  Pifturc  belongs  to  any  Ob- 
Jeft.  Then  draw  from  the  points  of  Divifions  of  that  Geo¬ 
metrical  Line,  Perpendiculars  to  the  Ground-line,  which 
will  be  cut  by  thofe  Perpendiculars  in  points,  from  which 
drawing  Right-lines  to  the  point  of  Sight,  thofe  Right-lines 
will  divide  the  Line  propos’d  into  parts  equal  in  Reprefên- 
tacion.  This  may  alfo  be  done  more  generally  by  Probl.  8. 

PROBLEM  VIT. 

How  to  divide  into  Tarts  equal  in  Reprefentation  ths 
j^ppe avance  given  in  the  PiSiure  of  an  Ohje6iive 
Line  rais'd  upon  the  Geometrical  Plain, 

There  may  be  fcveral  different  cafes  becaufe  the  line 
propos’d  in  the  Pifture  may  reprefent  a  line  which  is 
wholly  out  of  the  Geometrical  Plain,  or  a  line  of  which 
One  end  touches  the  Geometrical  Plain,  the  other  end  being 
in  the  Air;  and  in  thofe  Two  Cafes  that  Line  may  be  cither 
Inclin’d  or  Perpendicular  to  the  Horizon. 

All  thefe  Cafes  may  be  folv’d  by  means  of  the  Situation  of 
the  line  propos’d,  except  that  in  which  the  faid  line  is  per¬ 
pendicular  to  the  Ground-line  AB,  as  OP,  becauf^  its  Situ¬ 
ation  being  but  One  point,  it  cannot  be  made  ufe  of  to  di¬ 
vide  the  line  propos’d  into  parts  equal  in  Reprefentation  ; 
but  it  will  be  eafy  to  folve  this  laft  Cafe  as  you  will  find 
when  you  haVe  folv’d  the  firft,  thus  : 

Firft,  to  divide  the  line  FG,  which  reprefents  an  Ob- 
ieftivc  line  rais’d  upon  the  Geometrical  Plain,  {for  Example) 
V  into 


V 
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into  Three  parts  equal  in  Reprefen cation,  divide  hy  ProhL  6- 
the  Situation  HI  into  Three  parts  equal  in  Reprefentation  at 
the  points  i,  2,  and  draw  from  each  of  thofe  points  i,  a, 

Lines  perpendicular  to  the  Ground-line  AB,  which  will  dii» 
vide  the  propos’d  Line  EG  into  Three  parts  equal  in  Repre» 
fentation. 

Likewife  to  divide  (/«r  into  Four  parts  equal  in 

Reprefentation  the  Inclin’d  Line  LM,  whofe  Situation  is 
LN  ;  let  that  Situation  by  Probl.  6.  be  divided  into  Four 
parts  equah  in  Reprefentation,  and  from  the  Points  of  Di- 
vifion  3,4,  St  draw  as  many  Perpendiculars  to  the  Ground- 
line  AB,  which  will  divide  the  propos’d  LM  into  Four  parts 
equal  in  Reprefentation,  as  was  requir’d. 

Becaufe  the  line  OP  is  perpendicular  to  the  GroundJine 
AB,  it  is  knov/n  by  Theor.  7.  that  it  reprefents  an  Objeftivc 
Line  parallel  to  the  Pifture,  and  byTheor.  lo.  that  its  Divifions 
are  equal  :  Wherefore  to  divide  if,  (for  Example)  into  Four 
parts  equal  in  Reprefentation,  you  muft  divide  it  into  Four  ' 
parts  really  equal  at  the  points  6,  7,  8,  which  will  be  the 
points  of  Qivillon  requir’d, 

SCHOLIUM.  ' 

Becaufe  the  line  FG  tends  to  the  principal  Point  V,  its  Si-  ^ 
tuation  HI  tends  alfo  to  the  Point  of  Sight  V,  and  in  fuch  a 
Cafe  to  divide  it  into  parts  equal  in  Reprefentation,  you  may 
make  ufe  of  the  point  of  Diftance  D,  which  is  its  Dividing 
Center:  But  as  the  Situation  LN  of  the  Inclin’d  Line  LM 
does  not  tend  to  the  principal  Point  V,  its  Dividing  Center 
will  be  in  forpe  other  point  of  the  Horizontal  Line  DD.  It 
may  be  found  by  the  paeans  of 

PROBLEM  VIIÎ. 

How,  from  a  T oint  given  upon  the  /Appearance  given 
in  the  Vifïure  of  a  Geometrical  Line,  to  cut  off  a 
part  equal  in  Reprefentation  to  a  given  Line. 

Here  may  alfo  happen  feveral  different  Cafes  ;  becaufe 

the  line  given  in  the  Picture  may  be  parallel  to  the  iS* 
Ground-line  AB,  or  may  rend  to  the  principal  Point  V,  or 
to  One  of  the  points  of  Diftance  D,  or  to  fome  other  point 
of  the  Horizontal  Line  DD. 

All  thefe  Cafes  may  be  folv’d  the  fame  way  ;  «uia:.  by  a 
point  which  we  fhall  mark  upon  the  Horizontal  Line,  and 
call  ihs  >  Dividing  Center  y  which  will  be  found  by  different 

B  3  .  means. 
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^  mean$,  according  to  the  Pofition  of  the  line  given  in  the 
j -*  Pifture,  as  you  will  fee. 

Fifft,  if  the  Line  propos’d  in  the  Pi£ture  be  parallel  to  the 
Ground-line  AB,  as  FG,  its  Dividing  Center  may  be  taken 
in  what  point  you  will  of  the  Horizontal  Line  DD,  as  in 
H;  Wherefore,  if  you  mufl:  from  O  towards  G  cut  off  a 
part  equal  in  Reprefentation  to  the  given  line  CE,  draw  from 
the  Dividing  Center  H,  thro’  the  point  O,  the  Ray  HO,  and 
produce  it/ till  it  meets  the  Ground-%je  AB  in  fome  point  as 
L  Then  makè  equal  to  CE,  and  draw’^  the  Ray  HK, 
'  which  will  upon  the  given  Line  EG,  determine  the  part  OL 
equal  in  Reprefentation  tp  the  given  Line  CE. 

Secondly,  if  the  Line  given  in  the  Pifture  tends  to  the 
principal  Point  V?  as  MN,  its  Dividing  Center  will  be  wdiich 
yoii  will  of  the  Two  points  of  Diftance  D.  If  then  the 
point  O  be  given  upon  the  faid  Line;  from  it  to  cut  off  upon 
the  line  in  the  Pitore  a  part  equal  in  Reprefentation  to  the 
given  Line  GE  ;  you  muff  from  the  point  D  draw  thro’  O 
the  Ray  DQ,  and  having  made  QP  equal  to  CE,  draw  the 
'  Ray  DP,  which  will  cut  off  from  the  given  Line,  MN,  the 
part  OR  equal  in  Reprefentation  to  the  given  Line  CE. 

TUîe  S.  ^ut  if  the  Line  given  in  the  Figure  tends  to  any  other 
Piff  i^,  point  of  the  Horizontal  Line  DD,  for  Example^  to,  the  point 
of  Diftance  D,  as  EG,  its  Dividing  Center  will  be  found  if 
you  draw  thro’  the  principal  Point  V,  the  line  VL  perppidi- 
cular  to  the  Horizontal  Line  DDj  and  equal  to  VD  the 
the  Diftance  from  the  Eye  to  the  Prfture,  and  fet  off  the 
Diftance  DV  from  D  towards  the  Right  or  towards  the  Left 
Hand  upon  the  Horizontal  Line  DD  towards  M,  which  will 
be  the  Dividing  Center  of  EG  the  Line  propos’d.  If  then 
•  the  line  CE  and  the  point  O  be  given,  you  muft  draw  the 
Ray  MOH,  and  having  made  HA  equal  to  CE,  the  Ray  MA 
will  upon  the  propos’d  Line  EG  determine  the  part  OK, 
equal  in  Reprefentation  to  the  given  Line  CE. 

.Like wife  to  find  the  Dividing  Center  of  the  Line  FQ, 
which  tends  to  the  point  R  of  the  Horizontal  Line  DD,  fet 
off  RL  the  Diftance  from  L  to  the  Eye,  from  the  faid  point 
R  on  the  Right  or  on  the  Left  upon  the  Horizontal  Line  DD 
to  N,  which  will  be  the  Dividing  Center  of  the  Line  PQ.. 
If  then  the  Line  CE  be  given,  and  alfo-che  point  O  upon  PQ 
the  Line  proposé,  and  the  Ray  NOS  be  drawn,  to  make  SB 
equal  to  CE,  by  drawing  the’Ray  NB  ;  you  will  upon  the 
Line  propos’d  PQ  have  the  part  OI  equal  in  Reprefentation 
to  the  given  Line  CE. 
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PROBLEMS. 

DEMONSTRATION. 


The  Demonftration  of  this  Operation  will  be  evident^  B» 

you  confider  that  the  point  R  is  the  Accidental  Point  of  thatF/^.  i6. 
Geometrical  Line,  whofe  Appearance  is  PQ,  by  Theor.  8,  and 
that  the  point  L  reprefents  the  Eye,  looking  upon  LV  as  the 
principal  Ray,  fo  that  the  line  LR  will  be  that  which  deter¬ 
mines  in  the  Pifture  the  Accidental  Point  R,  and  which  will 
confequently  be  parallel  to  the  Geometrical  Line  reprefented 
by  PQ  in  the  Pifture  ;  For  if  a  Plain  be  made  to  pafs  along 
thofe  Two  parallel  Lines,  and  that  together  with  their  Plain 
they  be  made  to  turn  Horizontally,  (the  Geometrical  Line 
about  the  point  P,  and  its  Parallel  LR  about  the  point  R,) 
till  that  Plain  falls  in  with  the  Plain  of  the  Pifture,  in  which 
cafe  the  point  L  will  come  to  N,  and  the  Geometrical  Line 
will  coincide  with  the  part  PB  of  the  Ground-line  AB,  That 
point  N  upon  the  Horizontal  Line  DD  will  have  the  fame 
EfFeft  upon  the  plain  of  the  Pifture  as  the  point  L  in  the  Air, 
and  therefore  it  will  be  the  Dividing  Center  of  the  propos’d 
Line  PQ.  * 

SCHOLIUM. 

From  what  has  been  faid  it  is  eafy  to  imagine,  that  to  fuch 
a  Line  given  in  the  Picture,  a  line  may  be  added  equal  in 
Reprefentation  to  a  given  Line,  and  that  by  means  of  this 
Problem  one  may  folve  the  foregoing  ;  and  this  may  alfo  be 
folv’d  by  means  of  the  following. 

PROBLEM  IX. 

fioWj  from  a  F  oint  given  upon  the  Appearance  given 
in  the  Figure  of  a  Right-line  rats  a  above  the  Geo¬ 
metrical  Plain^  to  cut  off  a  Fart  equal  to  a  given 
Line. 

SEveral  Cafes  may  alfo  happen  here,  becaufe  the  Line  given 
in  the  Picture,  may  reprefent  a  Line  Inclin’d  upon  the 
Geometrical  Plain,  or  perpendicular  to  the  Geometrical  Plain, 
or  wholly  above  the  Geometrical  Plain,  which  may  be  Parallel, 
Inclin’d,  or  Perpendicular  to  the  faid  Geomettical  Plain. 

All  thefe  Cafes  may  be  folv’d  the  fame  way,  'viz,  ;  by 
means  of  the  Situation  of  the  Line  propos’d  in  the  Pifture, 
except  when  that  line  is  perpendicular  to  the  Ground-line  ; 
’becaufe  in  fuch  a  cafe  its  Situation  being  but  One  point,  it 
can’t  be  made  ufe  of  as  if  it  was  a  Right-line  ;  but  it  will 
be  eafy  to  folye  this  Cafe,  after  we  have  folv’d  the  others  thus 3 
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/  pUf.  ft  Let  the  line  FG,  whofe  Situation  is  IF  reprefent  a  line 
p.  •  Inclin’d  upon  the  Geometrical  Plain  ;  and  let  it  be  requir’d 
'  *  to  cut  ofF  from  the  given  Point  O  towards  G,  fuch  a  part  of 
it  as  may  be  equal  in  Reprefentation  to  the  given  Line  CE. 

Having  ifji  Pro!?.  $.  found  the  line  PM,  whofe  Reprefen- 
tatton  is  the  Situation  IF  ;  and  the  line  MN,  whofe  Appear¬ 
ance  is  the  Line  propos’d  FG  ;  draw  from  O  the  given  Point, 
the  line  OL  perpendicular  to  the  Ground-line  AB,  and  from 
the  principal  Point  V,  thro’  the  point  L,  draw  the  line  LB, 
which  here  meets  the  Ground*Jine  AB  at  B  ;  thro*  which 
point  you  muft  draw  to  the  faid  line  AB,  the  perpendicular 
BR,  which  will  upon  PM  give  the  point  R,  whofe  Appear¬ 
ance  is  L.  From  that  point  R  upon  PM  raife  the  Perpendi¬ 
cular  RZ,  which  upon  MN  will  give  the  point  Z,  whofe  Ap¬ 
pearance  is  O.  Make  ZT  equal  to  the  given  Line  CE,  and 
draw  from  the  point  T,  TQ  perpendicular  to  PM;  and  from 
the  point  Q,QS’  perpendicular  to  the  Ground-line  AB.  Laflly, 
from  the  principal  Point  V,  thro*  the  point  S,  draw  the  Ray 
SK,  and  from  the  point  K,  KH  perpendicular  to  the  Ground¬ 
line  AB,  w'hich  will  upon  the  propos’d  Line  FG,  determine 
‘  the  part  OH  equal  in  Reprefentation  to  the  line  ZT,  or  to 
the  given  Line  CE. 

Likewife  if  the  point  O  be  given  upon  the  given  Appear¬ 
ance  Ï,  2,  of  aline  rais’d  upon  the  Geometrical  Plain,  whofe 
Situation  is  3.  4,  to  cut  off  from  it  a  part  equal  in  Reprefen¬ 
tation  to  the  given  Line  CE  ;  draw  from  that  point  O,  O  6 
.  perpendicular  to  the  Ground  line  AB  ;  and  having  by  Probl,  y, 
found  the  line  10,  13,  whofe  Appearance  is  the  Situation  3, 4, 
and  the  line  14,  17,  whofe  Appearance  is  the  Line  propos’d 
I,  2  ;  draw  from  the  principal  Point  V,  thro*  the  point  6, 
the  Right-line  6,  8,  and  thro’  the  point  8,  the  line  8,  jr, 
perpendicular  to  the  Ground-line  AB,  and  likewife  thro’  the 
point  1 1 ,  the  line  1 1 ,  i  y  perpendicular  to  the  Geometrical  Si¬ 
tuation  10,13,  which  WÛ11  upon  the  line  14,17,  give  the  point 
l  y,  from  which  upon  the  line  14, 17,  muft  be  taken  the  part  ly, 
equal  to  the  given  line  CE,  to  draw'  from  the  point  j6  to 
the  Line  10,  13,  the  Perpendicular  12’,  and  from  the  point 
12  to  the  Ground-line  AB,  the  Perpendicular  12,9;  then 
draw'  from  the  point  9  to  the  principal  Point  V,  the  Ray  7,  V, 
and  from  the  point  7,  raife  7,5,  perpendicular  to  the  Ground- 
line  AB,  and  you  w'ill  upon  the  Line  propos’d  i,  2,  have  the 
part  O  y  equal  in  Reprefentatiopi  to  the  given  line  CE. 

îf  the  point  0  be  given  upon  a  line  perpendicular  to  the 
given  Line  AB,  as  18,  19,  whofe  point  of  Situation  is  18, 
draw  from  that  point  18,  to  the  Ground-line  AB,  the  parallel 
18,  21,  terminated  by  Two  Rays,  drawn  from  the  point  V 
taken  at  pleafqre  upon  the  Horizontal-line  DD,  thro’  the 

points 
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points  A,  2  2,  (diftant  from  one  another  upon  the  Ground-line 
AB  the  length  of  the  given  Line  CE^  and  make  O,  20  equal 
to  18,  21  ;  and  the  part  O,  20  will  be  equal  in  Reprefentation 
to  the  given  Line  CE. 

PROBLEM  X. 


fJoWi  from  a  V  oint  given  in  the  fiBure^  to  iravo  a 
Line  parallel  in  Reprefentation  to  the  j^ppe avance 
given  in  the  Figure  of  a  Geometrical  Line. 


THERE^  may  happen  Two  Cafes;  becaufe  the 

propos’d  in  the  Piûure  may  be  parallel  to  the  Ground-^^i^  • 
line  ABj  as  CE  ;  or  it  may  when  produc’d,  meet  the  Hoii- 
2ontal  Line,  as  GH,  which  meets  the  Horizontal  Line  DD 
at  the  point  K,  which  by  Theor.  8.  is  the  Accidental  Point  of 
the  Geometrical-line,  whofc  Appearance  is  GH. 

Firft  to  draw  to  the  given  Line  CE  parallel  to  the  Ground- 
line  AB,  thro’  the  given  Point  O,  a  Line  parallel  in  Appear¬ 
ance  ;  draw  thro’  the  faid  point  O,  O  F  parallel  to  the 
Ground-line  AB,  which  by  Theor,  4.  will  be  parallel  in  Re- 
prefentatipn  to  the  given  CE  ;  that  is,  it  will  reprefent  a 
Geometrical  Line  parallel  to  that  which  is  reprefented  by  the 
line  CE. 

In  the  Second  place,  to  draw  thro’  the  faid  given  Point  O, 
a  Line  parallel  in  Re[)refentation  to  the  given  Line  Grf, 
which  being  produc’d  meets  the  Horizontal-line  DD  at  the 
point  K,  draw  thro’  that  point  K  and  thro’  the  given  point  O, 
the  line  IL,  which  by  Theor,  5.  will  be  parallel  in  Reprefen¬ 
tation  to  the  given  Line  GH. 


PROBLEM  XI. 

How^  from  a  Toint  given  in  the  FiBure^  to  draw  a 
Line  parallel  in  Reprefentation  to  the  Appearance 
given  in  the  faid  FiSlure  of  a  Right  dine  raid d  a- 
hove  the  Geotnetrical  Plain. 

% 

SEveral  different  Cafes  may  happen  concerning  the  Line 
given  in  thePifture,  becaufe  it  may  reprefent  a  Right-line 
One  of  the  Ends  of  which  touches  the  Geometrical  Plain,  or 
a  Line  which  is  wholly  above  the  Geometrical  Plain  ;  and  in 
thofcTwo  Cafes  the  Line  propos’d  may  reprefent  a  Line 
which  is  inclin’d,  or  One  which  is  parallel,  or  One  which  is 

perpen- 
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.  perpendieular  to  the  Geometrical  Plain,  in  which  cafe  the 
9*  Line  proposé  is  perpendicular  to  the  Ground-line;  andin 
^9'  fuch  a  Cafe  the  Solution  is  particular,  as  you  will  fee. 

Firft,  to  draw  thro’  the  given  Point  O,  a  Line  in  the 
Pifture  parallel  in  Reprefentation  to  the  Appearance  given 
CE  of  a  Right-line  Inclin’d  to  the  Geometrical  Plain,  and 
touching  the  faid  Geometrical  Plain  in  a  point  whofe  Appear- 
is  C  ;  draw  by  Pnobl.  lo.  thro’  the  given  Point  O,  to  the  Situ* 
atiort  CF,  thé  parallel  QK,  eqiial  in  Reprefentatibn  to  the 
laid  Situation  CF,  or  to  the  line  GH,  whbfe  Reprefentation 
is  CF,  whleh’niay  be  done  8.  for  I  fiippofe  that  the 

Figure  GHI,  whofe  Appearance  is  CEF,  has  been  found 
upon  the  Geometrical  Plain  h  Probl.  3.  Then  draw  from  the 
point  K,  to  the  Ground-line  A.B,  the  Perpendicular  KL,  equal 
in  Reprefentation  to  the  Perpendicular  EF,  or  to  thePerr* 
pendicular  HI,  whofe  Reprefentation  is  EF,  which  may  be; 
done  by  Probl,  2.  and  draw  OL,  which  will  be  parallel  in  Re-  • 
prefentation  to  ÇÈ  the  Line  propos’d. 

If  the  Line  propos’d  be  wholly  rais’d  above  the  Oeometrif 
cal  Plain,  as  MN,  whofe  Situation  is.PQ  :  having  by  Probl,  3^ . 
found  the  Figure  STZX,  upon  the  Geometrical  Plain,  which  i 
Figure  is  reprefented  in  the  Pifture  by > the  Figure  PQNM 
draw  thro’  the  Point  S  of  the  Geometrical  Plain,  SY  parallel  I 
toXZ,  and  having  by  Probl.  2.  rnade-QR  equal  In  Reprefen-* 
tatioh  to  the  Line  TY,  draw  the  Right- linè  PR,  which  will! 
reprefent  a  Line  Inclin’d  to  the  Geometrical  Plain  and  Parallel! 
to  the  propos’d  MN.  Wherefore  if,  as  wè  have  taught  ini 
■  the  firft  Cafe,  thro’  the  point  given  in  the  Picture  a ‘Line  bç; 
drawn  parallel  in  Reprefentation  to  the  Line  PR,  that  Par^ 
allel  will  alfo  be  parallelin  Reprefentation  to  the  Line  pro-* 
pos’d  MN. 

It  is  evident  by  Theor.  4.  That  if  the  Line  given  in  theî 
Picture  be  parallel  to  the  Ground-line  AB,  its  Parallel  ini 
Reprefentation  will  alfb  be  parallel  to  the  faid  Ground-line; 
AC  ;  and  if  the  Line  given  in  the  Piflure  be  perpendicular  tQ> 
the  Ground-line  AB,  in  fuch  manner  that  it  reprefents  a  Line; 
^  perpendicular  to  the  Horizon,  its  parallel  in  Reprefentation  1 
will  alfo  be  perpendicular  to  the  faid  Ground-line  AB. 

COROLLARY.  ‘ 

This  Problem  gives  us  a  Method  to  End  the  Accidenta^ 
Point  of  a  Line  propos’d  in  the  Picture:  For  if  thro’  a  Point: 
taken  at  pîeafure  in  the  Pifture,  a  Line  be  drawn  parallel  ini 
Reprefentation  to  the  Line  propos’d,  in  the  Pi£ture  the  point 
of  Seftion  of  chofe  Two  Lines  parallel  in  Reprefentation,. 
will  be  the  Accidental  Point  of  the  Line  propos'd. 

P  R  Q.. 
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PROBLEM  XII. 

t  _  , 

How^  from  a  Toint  given  in  the  TiUure^  to  draw  a 
Line  perpendicular  in  Reprefentation  to  a  Right- 
line  given  in  the  fdtd  TiÜure,  ' 

There  may  happen  Two  principal  Cafes,  becaufe 
the  Line  given  in  the  Pifture  may  reprefent  a  Geo- 
i  metrical  Line,  or  a  Line  rais’d  above  the  Geometrical  Plain, 
but  as  this  Second  cafe  is  of  no  great  ufe,  we  fhall  only 
fpeak  of  the  Firft,  which  may  alfo  have  feveral  different 
cafes,  bccaufe  the  Line  given  in  the  Pifture  may  be  parallel 
to  the  Ground-line,  or  meet  with  the  Point  of  Sight,  or  One 
of  the  Points  of  Diftance,  or  any  other  point  of  the  Hori¬ 
zontal  Line. 

Firft,  if  the  Line  given  in  the  Pifture  be  parallel  to  the  PUteiQ» 
Ground-line  AB,  as  CE,  and  O  be  the  Point  given  ;  drawP^]^.  20, 
from  that  point  O,  thro’  the  principal  Point  V,  the  line  OF, 
which  will  be  perpendicular  in  Reprefentation  to  the  given 
Line  CE. 

If  the  Line  given  in  the  Pifture  tends  to  the  Principal 
Point  V,  as  GH  ;  draw  thro’  the  point  Oj  to  the  Ground¬ 
line  AB,  the  Parallel  OI,  which  will  be  perpendicular  in 
Reprefentation  to  GH  the  Line  propos’d. 

If  the  Line  given  in  the  Pifturc  tends  to  one  of  the  Points 
of  Diftance  D,  as  KL  ;  draw  to  the  other  Point  of  Diftance 
D,  thro’  O  the  given  Point,  the  line  DO,  which  will  be 
perpendicular  in  Reprefentation  to  the  propos’d  Line  KL  ; 
becaufe  Each  of  thefe  lines  makes  half  a  Right-angle  with 
the  Pifture  ;  and  therefore,  thefe  Two  lines  meet  fo  as  to 
make  a  Right-angle. 

Laftly,  if  the  Line  given  in  the  Pifrure  meets  the  Ho- 
zontal  Line  DD  in  any  other  point,  as  MN,  which  meets  it  ac 
the  point  P  ;  draw  from  the  Principal  Point  V,  the  Right- 
line  VQ  perpendicular  to  the^HorizontalLine  DD,  and  equal 
to  VD  the 'Diftance  of  the  Eye  from  the  Piflure,  and  having 
ioyn’d  QP,'  draw  to  it  thro’  the  point  Q  the  perpendicular 
QT,  which  will,  upon  the  Horizontal  Line  DD,  give  the 
point  T,  from  which  you  muft  draw  thro’  O  the  given 
Point,  the  line  RS,  which  will  be  perpendicular  in  Repre¬ 
fentation  to  the  propos’d  Line  MN.  We  fhall  not  give  the 
Demonftratlon  of  thefe  little  Operations  ;  becaufe  whoever 
undcrftauds.the  foregoing  Problems  may  eafdy  fttid  it  out. 
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PEKSPECTirt  PraBicaî,  is  that  which  by  (horc: 
Methods,  that  is,  by  Rules  which  are  fhort  and  eafy, , 
teaches  to  Reprefent  in  Perfpeftive  in  thePifturc! 
whatever  you  pleafe  :  it  is  divided  into  Lineal  Per^- 
ffeBi've,  which  is  the  Diminution  of  the  Lines  in  the  Plain  i 
of  the  Pifture  where  they  reprefent  others  diftant  from  the; 
Pifture  ;  And  into  Aerial  PerfpeBivet  which  is  the  Diminution . 
of  Teints  and  Colours,  and  belongs  t;o  Painters  only,,  where-- 
fore  we  fhall  fay  no  more  of  it  here. 

The  foregoing  Problems  are  only  for  the  Theory  of  Per-  ■ 
fpeflive  conGder’d  in  General,  and  the  following  will  be  for* 
Practical  Perfpetlive,  where  we  fhall  give  no  Demonftrations;; 
becaufe  whoever  knows  any  thing  of  Geometry ,  and  has  un-  • 
derftood  the  foregoing  Theorems,  will  cafily  Comprehend 
them. 

Before  we  begin  any  Operation,  we  muR  know  about  how 
near  the  Points  of  Diftance  ought  to  be  from  the  Point  of* 
Sight;  or  what  is  the  fame  thing,  under  what  Angle  tho 
Pifture  ought  to  be  feen,  that  whatever  is  to  be  Reprefented 
in  it  may  appear  in  juft  Proportion,  and  taken  in  eafily  by  the 
Eye  at  one  View. 

To  find  that  Angle,  confider  the  Eye  DGE,  whofe  Pupil  ' 
*is  towards  F,  and  Retina  towards  G,  whofe  Extent  at  moft  is 
'no  greater  than  the  diftance  from  D  to  E,  which  are  Two' 
points  diametrically  Oppofite.  It  is  certain  that  That  Eye 
can  fee  only  the  Obje£l:s  which  are  contain’d  within  the  Com- 
pafs  of  the  Semi-circle  ACB,  and  which  can  at  the  fame 
time  paint  their  Images  on  the  Retina  DGE  ,  which  for 
that  reafon  we  have  not  extended  beyond  a  Semi-circle. 

This  being  fuppos’d,  if  the  Eye  fees  the  Objeft  2,2,  under 
the  Right-angle  2O2,  its  Reprefentation  will  fill  the  Retina 
DGE  ;  but  its  ends  2,2,  will  not  be  feen  fo  diftinftly,  be¬ 
caufe  their  Rays  O2,  O2,  will  fall  upon  the  ends  D,E,  of  the 
Retina^  and  the  Eye  will  endure  fome  pain  if  it  endeavours 
to  fee  diftinftly  the  whole  Objeft  2,2. 

The  fame  Eye  cou’d  not  fee  diftin£lly  the  Extremities  of 
the  Objeft  1,1,  bccaufe  the  Rays  Oi,  Oi,  wou’d  not  fall 
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upon  the  Ketinn  DGE.  It  wou’d  fee  very  conveniently  the 
Objeft  3,  3,  becaufe  it  wou’d  fee  it  under  the  Angle  3O3  P^ate  lol 
lefs  than  a  Right,  which  wou’d  not  put  it  to  fo  much  pain.f-^'^-  21. 
It  wou’d  yet  fee  more  ealily  the  Objeft  4,  4,  for  the  àme 
reafon.  ^  But  if  the  Objeft  was  very  diftanti  the  Vifual  An¬ 
gle  wou’d  he  too  little,  and  the  Reprefentation  of  fuch  an 
Objeft  wou’d  not  be  diftin£t  enough,  by  reafort  of  the  don- 
fufion  of  Vifual  Rays. 

To  know  immediately  under  what  Angle  an  Ohjeft  fliou’d 
be  feen,  as /or  Example^  a  Square,  which  takes  in  all  that  ti* 

wou’d  Reprefent  in  Perfpeftive  :  Let  us  fuppofe  the  Plain  23* 
ABDD  to  be  the  Plain  of  the  PiQure,  whofe  Horizontal- 
I  line  is  DD,  Point  of.  Sight  V,  Points  of  Diftance  DD,  and 
Ground-line  AB,  parallel  to  the  Horizontal-line  DD,  which 
is  diftant  from  it  the  whole  Height  of  the  Eye  above  the 
Geometrical  Plain.  Let  us  alfo  fuppofe  AB  to  be  the  Length 
of  the  fide  of  the  Square,  which  we  wou’d  Reprefent  in  Per- 
fpeôive,  whofe  Appearance  in  the  Pidure  is  call’d  the  Per* 
fpeBive  Square,  as  ABCE. 

This  being  fuppos’d,  if  the  Eye  of  the  Speftator  w^as  at  G, 
he  cou’d  norfee  the  Two  ends  A,B,  of  the  Perfpeftive  Square, 
becaufe  the  Eye  cou’d  fee  at  moft  but  under  the  Angle  HGI* 
which  is  a  Right.  But  if  it  w^ere  at  K,  it  cou’d  fee  the  ends 
AB,  becaufe  the  Angle  AKB  is  a  Right.  It  wou’d  fee  the 
ends  AB  better  at  L,  and  better  yet  at  M,  where  the  Angle 
AMB  is  of  6q  Degrees  ;  And  from  fuch  a  diftance  the  Ob¬ 
jets  may  be  feen  in  Perfeftion,  becaufe  the  Reprefentation 
which  from  that  diftance  is  made  in  the  Eye,  is  neither  too 
great,  nor  too  little  ;  becaufe  the  Vifual  Angle  AMB  is  nei¬ 
ther  too  great,  nor  too  little.  The  Angle  ANB  it  alfo  very 
well. 

Therefore  to  have  the  Points  of  Diftance,  take  the  diftance 
FK,  or  rather  the  diftance  FL,  or  FM,  or  clfe  the  diftance 
FN,  and  fet  it  off  on  either  fide  upon  the  Horizontal-line 
DD,  from  the  principal  Point  V  to  the  point  DD,  which 
will  be  the  Points  of  Diftance.  For  if  that  diftance  VD 
Ihou’d  be  lefs  than  the  diftance  FK,  the  Perfpeftive  Square 
ABCE  wou’d  appear  Irregular,  becaufe  it  wou’d  be  feen 
under  an  Obtufe,  and  confcquently  too  great  an  Angle. 

Thus  you'may  look  upon  this  as  a  general  Maxim,  njîz.  that 
the  diftance  betwixt  the  Points  of  Sight  and  the  Points  of  Di¬ 
ftance  muft  be,  at  leaft,  equal  to  FA  or  FB  ;  that  is,  to  the 
Space  betwixt  the  end  of  the  Vertical-line  VF,  and  One  of 
the  Corners  of  the  Perfpeftive  ;  And  it  will  not  be  ami  fs  to 
let  that  diftance  be  fomething  greater,  and  as  in  this  Cafe,  the 
the  Plain  of  the  Pifture  might  not  be  wide  enough  to  re¬ 
ceive  Two  Points  of  Diftance,  you  muft  mark  only  One, 


JO  ATrëàî'tfe  ofVtt{'çt&x'iÇ. 

and  înilead  of  placing  the  principal  Point  fOre-right,  it  may 
'  ’•  be  plac’d  on  One  fide. 

etg-  2Î.  -To  begin  by  what  is  eafieft,  the  Reprefentatlons  ofri 
Points,  Lines,  and  Plans,  you  muft  divide  into  Two  parts 
the  Sheet  of  Paper  which  you  wou’d  Work  upon,  by  the: i 
Line  AB,  whi|:h  will  be  your  Gfound-line,,  and  which  wé:  M 
(hall  always  mark  with  the  fame  Letters  AB  ;  the  upper  parc:f 
of  your  Paper  ABDD,  muft  be  taken  for  the  Plain  of  the:! 
Pifture,  and  the  lower  part  for  the  Geometrical  Plain.  The  :  \ 
principal  Point  V,  and  the  points  of  Diftance,  fhall  alfo  be;} 
always  mark’d  by  the  fame  Letters  as  we  have  faid  elfe«  ’ 
where. 

OPERATION!. 

flow  to  find  in  thé  Ti&ure  the  Appearance  of  à  \ 
Point  given  in  the  Geometrical  Plain,  i 

/ 

TO  find  the  Appearance  of  the  point  C,  which  is  given  i 
in  the  Geometrical  Plain,  let  fall  from  that  point  C 
fig.  24,  upon  the  Ground-line  AB,  the  Perpendicular  CE,  and  from 
the  point  E,  draw  to  the  principal  Point  V,  the  Line  VE. 
Take  upon  the  Ground-line  AB,  from  E  the  partEF,  or  EA, 
equal  to  the  Perpendicular  CE  ;  and  draw^  from  A  to  the  op- 
poftte  Point  of  Diftance  D,  or  from  F  to  the  oppofite  Point 
of  Diftance  D,  a  Line  which  will  upon  the  Line  VE  give  at 
G  the  Appearance  of  the  Point  given  C. 

SCHOLIUM. 

As  tins  Problem  is  the  Foundation  of  all  the  following,  Ï 
fhall  here  teach  fome  other  ways  of  folving  it,  which  may 
be  very  ufeful  in  fome  cafes  ;  and  I  fhall  alfo  refolve  Tw^o 
Difficulties  which  may  happen  in  the  Praftice. 

You  may  then  in  the  Firft  place,  find  out  the  Appearance  G 
of  the  given  Point  C,  without  making  ufe  of  the  principal 
Point  V,  when  you  have  in  the  Picture  the  Two  Points  of 
Diftance  D,  D,  mx..  in  the  Interfeftion  of  the  Two  Rays 
DA,  DF.  But  as  ufually  we  have  but  One  Point  of  Diftance 
upon  the  Horizontal-line  DD,  this  Second  Method  is  more 
curious  than  ufeful  ;  wherefore  I  fhall  add  a  Third,  which  is 
fhorter  and  more  convenient. 

There- 
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Therefore  to  nnd  the  Appearance  of  the  point  C  which  iS 
given  upon  the  Geometrica]  Plain,  let  fall  as  before,  from  . 
that  Point  given  C,  upon  the  Ground-line  AB,  the  Perpen- 
dicular  CE,  and  having  made  EF  equal  to  CE,  draw  the  Ray 
DE.  Then  from  the  principal  Point  V,  raife  upon  the  Ho¬ 
rizontal-line  DD,  the  Perpendicular  VX,  equal  to  VD  the 
diftance  from  the  Eye  to  the  Pifture,  and  the  point  X  will 
be  tlie  Point  of  Diftance,  to  find  in'the  Pifture  the  Appear¬ 
ances  of  all  the  points  that  you  will  fuppofe  in  the  Geometri¬ 
cal  Plain  ;  As  here  it  will  ferve  for  the  given  Point  C  ;  for  if 
you  draw  the  Ray  CX,  you  will  have  upon*  the  Ray  DF,  the 
Appearance  of  the  propos’d  Point  C,  at  G. 

This  Appearance  might  alfo  have  been  found  upon  the 
Ray  EV  ;  but  as  it  is  hard  for  the  Two  Rays  EV,  CX,  to  In- 
eerfcft,  when  the  point  C  is  almoft  over  agaihft  the  principal 
Point  V;  and  as  they  will  not  Intcrfeâ  at  all,  when  the 
point  C  is  cxaftly  over  againft  the  Point  of  Sighr;  it  will  be 
better  in  the  Praâice  to  make  ufe  of  the  Ray  DF,  than  of 
the  Ray  EV. 

Thus,  CO  find  out  by  this  Method  the  Appearance  of  the 
point  H,  which  is  given  upon  the  Geometrical  Plain  ;  draw 
from  that  point  H,  HI  perpendicular  to  the  Ground-line  AB; 
and  having  made  IK  equal  to  the  Perpendicular  HI,  draw  to 
the  point  K  from  the  oppofite  Point  of  Diftance  D,  the  Ray 
DK,  which  will  cut  the  Kay  XH,  in  fome  point,  as  L,  wh^ich 
will  be  the  Appearance  of  H  the  Point  propos’d. 

Inftead  of  drawing  from  the  given  Point  H,  a  Line  per¬ 
pendicular  to  the  Ground-line  AB,  you  may  draw  to  it  any 
other  oblique  Line,  as  HM,  to  which  you  muft  draw  thro* 
the  point  X,  the  parallel  XN  ;  for  by  joining  MN  you  will 
have  upon  the  Ray  XH,  the  Appearance  L  of  the  Point 
propos’d  H. 

The  Firft  Method,  where  One  of  the  Points  of  Diftance 
mark’d  upon  the  Horizontal-line  DD  is  made  ufe  of,  is  the 
moft  ufual  and  eafy  ;  wherefore  we  ftiall  in  the  Sequel  always 
make  ufe  of  it,  and  to  render  it  more  Familiar,  we  fliall  here 
repeat  it  again  for  the  given  Point  H. 

Having,  from  the  point  H,  drawn  the  Line  HI  perpendi¬ 
cular  to  the  Ground-line  AB  ;  and  having  drawn  from  the 
point  I  to  the  principal  Point  V,  the  Ray  VI,  make  IK  equal 
to  the  Perpendicular  IFI  ;  and  draw  thro’  the  point  K,  and 
the  oppofite  Point  of  Diftance  D,  the  Ray  DK,  which  will 
upon  the  Ray  VI,  give  the  point  L  which  is  the  Appearance 
requir’d. 

If  it  happens  that  when  the  length  of  the  Perpendicular 
HI  is  fee  off  upon  gthe  Ground-line  AB,  the  point  K  falls 
out  of  the  breadth  of  the  Piftur.e,  it  muft  be  fee  oif  on  the 
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Plate  12  another  Point  of  Diftance:  Butt  if- 

tie:  2f  »  which  is  more  ufual,  draw  thro’  the  t 

point  B  taken  at  pleafure  upon  the  Ground-line  AB,  and  I 
thro*  the  principal  Point  V,  the  Ray  VB,  and  having  made 
MB  equal  to  the  Perpendicular  HI,  draw  the  Ray  DM,, 
which  upon  the  Ray  VB  will  give  the  Point  O,  thro^  which 
you  muft  draw  to  the  Ground-line  AB,  the  Parallel  OLj  which 
upon  the  Ray  VI  will  give  the  Point  requir’d  L. 

That  every  thing  that  you  defign  to  reprefent  in  Per- 
fpeflive  may  appear  in  juft  Proportion,  we  are  feme  time 
oblig’d  to  have  the  Eye  at  a  great  diftance  from  the  Pifture^ 
which  may  hinder  us  from  marking  the  Point  of  Diftance  D 
upon  the  Horizontal-line  DD  ;  in  fuch  a  Cafe  you  muft  only 
mark  half  of  the  diftance  of  the  Eye  from  the  Pifture  upon 
the  Horizontul-line  DD,  from  the  principal  Point  V  to  Q, 
which  will  reprefent  one  of  the  Points  of  Diftance:  And 
then  you  muft  only  fet  off  half  of  the  Perpendicular  HI  upon 
the  Ground-line  AB,  frorn  I  to  P,  and  drawing  the  Ray  QP 
you  will  upon  the  Ray  VI,  have  the  point  L  as  before,  for 
the  Appearance  of  H,  the  Point  propos'd. 

OPERATION  IL 

JHonjo  to  find  in  the  Tiffure  the  appearance  of  a 
Right-line  given  u^on  the  Geometrical  Tlain, 

Plate  12.  find  in  the  Pifture  the  Appearance  of  the  Right-line 

24.  A  HI,  which  is  given  upon  the  Geometrical  Plain; 
draw  from  its  Two  Ends  H,I,  the  Lines  HB,  IL,  perpendi¬ 
cular  to  the  Ground-line  AB,  and  draw  thro’  the  Two  points 
L,B,  to  the  principal  Point  V,  the  Two  Rays  VL,yB.  Make 
LO  equal  to  LI,  and  draw  from  the  point  O  thro'  the  oppo- 
fice  Point  of  Diftance  D,  the  Ray  DO,  which  will  upon  the 
Ray  VL  give  at  M  the  Appearance  of  the  point  I,  Make 
BK  likewnfe  equal  to  BH  ;  and  draw’  from  the  point  K,  thro’ 
the  oppofite  Point  of  Diftance  D,  the  Ray  DK  which  wiR 
upon  the  Ray  VR,  give  the  Appearance  of  the  point  H  at  N. 
Laftof  all,  join  MN^*  which  will  be  the  Appearance  of  Hf 
the  Line  propos’d. 

Likewife  to  find  the  Appearance  of  the  Right-line  CH,  ^ 

25.  which  is  given  upon  the  Geometrical  Plain  ;  having  drawn 
from  its  Tw’o  ends  CH,  the  lines  CE>  HI,  perpendicular  to 
the  Ground-line  AB  ;  and  from  the  principal  Point  V,  thro’ 
the  Tw’o  points  E,T,  (where  the  Two  Perpendiculars  cut  the 
Ground-line )  the  Rays  VE,  VI  ;  make  EF  equal  to  EC,  and 
ÏK  equal  to  IH,  and  draw  thro’  the  point  F,  to  the  oppofite 
Point  of  Diftance  D|  the  Ray  DF  ;  which  will  upon  the  Ray 
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VE  gîve  the  Appearance  of  the  point  C  at  G,  and  likewife 
draw  from  the  point  K.to  the  oppofite  Point  of  Diftance  D,  p.  ^ 
the  Ray  DK,  which  will  upon  the  Ray  VI  give  the  Appear- 
ance  of  the  point  H  at  L,  wherefore  if  you  join  the  Right¬ 
line  GLj  yoii  will  have  the  Appearance  of  the  propos’d  Lin® 

CH, 

S;  C  H  O  L  I U  M. 

?  '  .V 

The  Theory  and  Praftice  will  give  you  feVêral  fhôrt  Me* 
thods ,  it  being  ctitûn  ^  by  Theorem  7.  That  if  the  pro¬ 
pos’d  Line  CH,  be  parallel  to  the  Ground-line  AB,  its  Ap- 
peararicé  in  the  Pifture,  {mîz.)  GL,  will  alfo  be  parallel  td 
the  faid  Ground-line  :  and,  by  Theorem  8  That  when  the  Line 
given  .upon  the  Geometrical  Plain  is  perpendicular  to  thé 
Ground-line,  its  Appearance  in  the  Pifture  being  continued,; 
will  pafs  thro*  the  Point  of  Sight,  and  thr<5’  the  Point  of 
Diftahce,when  it  makes  half  a  Right-Angle  with  thé  Ground¬ 
line. 

When  the  Line  given  oh  thé  Geometrical  Plain  is  not  a 
Right-linè,  you  mufl  from  feveral  of  its  points  draw  Per¬ 
pendiculars  to  the  Ground-line,  by  rneans  of  which,  and 
what  has  been  faid,  yoti  will  find  in  the  Pifture  the  Appear¬ 
ances  of  all  thofe points,'  which  being  join’d  by  a  Curve  Line» 
that  Curve  will  be  thé  Appearance  of  the  Line  propos’d.  * 

Opération  iil 

//ow  to  find  in  the  Ti&ure  the  Appearance  of  a 
plain  Figure  given  on  thé  Geometrical  Plain. 

TO  find  in  the  Piflure  ABDV,  the  Appearance  of  the  * 

Regular  Hexagon  1,2, 3, 4, 5, (5,  which  is  given  in  the  ij. 
Geometrical  Plain,  draw  from  all  its  Angles  as  many  Lines 
perpendicular  to  the  Ground-line  AB  ;  and  thro*  the  points 
7,8,9,  where  they  cut  the  faid  Ground  line  AB^  draw  to  the 
Principal  Point  V  the  Lines  Vyj  VS,  Vpjby  rneans  of  which, 
and  by  help  of  what  has  been  faid,  you  will  find  thè  Appear¬ 
ances  of  the  Lines  which  bound  the  propos’d  Hexagon.  As 
for  Example ^  to  ünà  the  Appearance  of  the  Line  1,2,  yon 
muft  fet  off  the  Length  of  the  Perpendicular  8,  i,  upon  the 
Ground-line  AB  from  8. to  E,  and  the  Length  of  the  Perpen¬ 
dicular  7,  2,  upon  the  fame  Ground-line  AB,  from  7  to  É, 
and  draw  from  the  oppofite  Point  of  Difianct  D,  the  Rays 

DE,DF,  d'r. 
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SCHOLIUM. 

One  may  here  rfiake*  ufe  of  a  fhort  Method  ,  to  find  the 
PUte  13.  Appearance  of  the  Point  5,  whofe  Perpendicular  9,5*,  cannot 
be  fet  off  upon  the  Ground-]ine  AB,  from  the  point  9  to¬ 
wards  the  part  oppofite  to  the  Point  of  Diftance;  becaufe  the 
Plain  of  the  Picture  is  not  large  enough:  For  as  the  Two 
points  5)  3,  are  in  a  line  parallel  to  the  Ground-line  AB,  ha* 
ying  found  in  the  Pifture  the  Appearance  of  the  point  3  upon 
the  line  V73  you  need  only  draw  thro’  the  Appearance  3,  to 
the  Ground-line  AB,  a  Parallel,  which  will  upon  the  Ray 
V9  giv^e  the  Appearance  of  the  other  point  5.  You  may,  if 
you  will,  do  the  fame  thing,  with  the  Two  points  2,6,. which 
are  alfo  equally  diftant  from  the  Ground-line  AB. 

There  is  alfo  another 'W^ay  to  find  the  Appearance  of  the 
point  5,  not  only  by  the  Ihort  Methods  which  have*  been 
taught  in  Operation  i.  but  alfo  in  this  manner.  Becaufe  the 
propos’d  Polygon  i,  2,  3,  4,  $,6,  is  Regular,  if  upon  the  line 
V3,  you  find  the  Appearance  G  of  its  Center  O,  and  from 
that  point  G,  which  is  call’d  the  apparent  Center^  you  draw 
to  the  point  2,  of  the  Appearance  of  the  point  2,  diametrically 
oppos’d  to  the  point  s,  a  Right-line,  that  Right-line  being 
produc’d, ^wil),  upon  the  Ray  V9,  give  the  Appearance  of 
the  point  5,  which  is  requir’d.  Thus  will  the  Ray  V8  give 
upon  the  Ray  DA  the  Appearance  of  thé  point  4,  diametri¬ 
cally  oppos’d  to  the  point  i ,  and  fo  on. 

OPERATION  IV. 

How  to  reprefent  in  FerfpeBive  a  Floor  of  equal 
Squares  feen  foreright  ^without  a  Geometrical  Vlain, 

Divide  the  Ground-line  AB  into  as  many  equal  parts  as 
you  pleafe,  each  of  which  fhall  reprefent  the  fide  of 
Fig,  10.  One  Square.  Draw  thro’  each  Point  of  Divifion  to  the 
principal  Point  V,  as  many  Right-lines  or  Rays,  the  Two 
iaft  of  which  will  be  VA,  VB,.  and  thro’  the  point  A  where 
the  Divifion  begins,  draw  to  the  oppofite  Point  of  Diftancé 
D,  the  Ray  AD,  which  will  cut  the  foregoing  Rays  in  Points, 
thro’  which  you  mufi  draw  to  the  Çround-line  AB,  as  many 
Parallels,  whofe  laft  will  be  EF,  which  will  have  its  divifions 
equal  between  the  Two  points  G,  H,  which  may  be  con¬ 
tinued  from  G  to  E,  and  from  H  to  F,  to  draw  thro’  thole 
new  Points  ojf  Divifion,  from  the  principal  Point  V,  other 
Rays  w^hich  wfill  give  upon  the  Tw^o  lines* DA,  DB,  (which 
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go  thro’  the  Two  Points  of  Diftance  D)  the  fame  points  thro’  , 
which  the  foregoing  Parallels  to  the  Ground-lines  pafs,  ar;d  L  " 
thro’  which  confequently  Rays  may  be  drawm.  to  the  princi- 
pal  Point  V,  without  lengthning  the  Divifion  of  the  line 
GH.  '  . 

Thus  you  will  have  in  Perfpeftive  all  the  Squares  which 
can  be  comprehended  in  the  fpace  ABFE  ;  and  if  you  wou’d 
have  more  of  ’em,  draw  from  the  point  E  to  the  oppofite 
Point  of  Diftance  D,  the  Ray  DE,  which  will  cut  all  thofe 
that  proceed  from  the  principal  Point  V  ,  in  points,  thro’ 
which,  as  before,  you  muft  draw  Parallels  to  the  Ground-line 
AB,  whofe  laft  will  be  KL,  which  palTes  thro’ the  point  i, 
where  the  Rays  VB,  DE,  Interfeft,  &c. 

SCHOLIUM. 

* 

If  you  defcribe  Squares  in  the  Geometrical-plain,  whole 
Tides  be  equal  to  the  parts  of  the  Ground-line  AB,  the  little 
Perfpeftive  Squares  will  be  the  Appearances  of  thofe  in  the 
Geometrical-plain,  and  they  may  be  very  ufeful  to  put  in 
Perfpeftive,  One  or  more  Figures,  made  up  of  feveral  Lines, 
as>/or  Example,  a  Fortified  Polygon,  which  being  deferib’d  on 
the  Geometrical-plain  with  the  Squares,  it  will  not  be  difficult 
to  defcribe  it  in  Perfpe^tive,  ûnrh  the  Squares  of  the  Piftiire, 
drawing  fuch  a  part  of  it,  in  each  Square,  of  the  Picture,  as 
is  deferib’d  in  the  correfpondant  Square  of  the  Geometrical- 
Plain.  A  fight  of  the  Figure  will  make  all  this  clear. 

OPERATION  V. 

How  to  reprefent  in  F  erJpeBive  a  Floor  of  Squares 
feen  Corner-wije,  without  a  G  some  trie  ah  plain, 

IF  you  wou’d  reprefent  all  thofe  Squares  feen  with  their  ?hte  16, 
Angles  towards  you  in  a  Square  Floor  which  is  feen  fore-  Fig,  32. 
right,  and  whofe  Side  AB  is  determin’d  upon  the  Ground-  , 
line;  firft  defcribe  the  Appearance  of  that  Square,  drawing 
from  the  Two  ends  AB  of  the  fide,  to  the  principal  Pome 
V-,  the  Rays  VA,VB,  and  to  the  Tw’o  Points  of  Diftance  D, 
the  Rays  DFA,  DEB,  which  will  cut  the  former  YA,  VB,  in 
Two  points,  as  F,  E,  which  you  muft  join  by  the  Rightrline 
EF,  which  will  be  parallel  to  the  Ground-line  ;  this  Ihewrs 
that  by  help  of  only  Onfe  Point  of  Diftance,  you  may  de¬ 
fcribe  the  Perfpeftive  Square  ABFE,  which  you  muft  divide 
into  Squares  feen  from  their  Angles,  thus  : 

Having,  as  in  Operation  4.  divided  the  part  AB  of  the 
.  Ground-line,  or  the  fide  of  the  Perfpe^live  Square  into  equal 

C  2  pares 
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parts,  draw  thro’  the  Points  of  DivJfion  to  each  Point  of 
Diftance  D,  as  many  Right-lines  as  ther'e  are  Points  of  Divi- 
fiôri,  which  for^  their  common  Interfcftions  will  form  the 
Appearances  o’f’the  Squares  feen  Corner-wile,  with  which 
Squares  it  will  be  eafy  to  fill  the  Perfpeftive  Square  ABFE, 
becaufe  all  the  Rays  which  proceed  from  the  Two  Points  of 
Diftance  D,  divide  equally  in  the  fame  points  the  fide  EF  pa¬ 
rallel  to  AB,  which  is  alfo  divided  equally  and  in  the  fame 
Points,  by  the  faid  Rays  which  goes  from  the  Two  Peints 
of  Diftance  D. 

9 

SCHOLIUM. 

If  upon  the  Paid  fide  AB  a  Square  be  drawn  in  the  Geometri¬ 
cal  Plain,  as  ABGH,  whofe  Reprefentation  is  the  Perfpeftive 
Square  ABEF,  and  that  Square  on  the  Geometrical  Plain 
ABGH  be  divided  into  other  little  Squares  by  Lines  parallel 
to  the  Diagonals  AG,  BH,  you  may  make  ufe  of  that  Square 
thus  divided,  as  has  been  taught  in  Operation  4,  to  put  in 
Perfpeftive  fcvcral  Things  at  once,  whofe  Draught  is  dé- 
fcrib’d  upon  the  Square  of  the  Geometrical  Plain. 


OPERATION  VL 

_  t . 

How  to  reprefent  in  Ter [pe Stive  a  Floor  made  of 
fever al  Squares  feen  foreright  and  encompafs'd 
with  a  Border^  or  Frame,^  without  a  Geometrical 
Thin, 

Djivide  the  Ground-line  AB  into  as  many  Parts,  alterna- 
'  tively  Equal  and  Unequal,  as  you  wou’d  have  Squares 
and  Borders  at  the  points  1,2,3,455,6,7,8,  and  draw  from  all 
thofe  points  to  the  principal  Point  Y,  as  many  Rays  or 
Right-lines  ;  whofe  laft  will  be  VB,  and  firft'VA.  Then 
draw  from  the  point  A  to  the  oppofite  Point  of-Diftance  D, 
the  Ray  DA,  which  will  cut  thofe  that  go  from  the  Point  of 
Sight,  in  Points  thro’  which  you  muft  draw  as  many  Paral¬ 
lels  to  the  Ground-line  AB,  w^hofe  laft  will  be  EF,  Xvhich 
terminates  the  Perfpeftive  Square  ABFE,  and  you  will  have, 
the  Reprefentation  of  the  Floor  requir’d  ;  and  you  may  con¬ 
tinue  it,  if  you  draw  another  Ray  thro’  the  point  E,  and  thro* 
the  point  of  Diftance  D,  &c. 


OPER 


Ferfpeélive  Praftical. 
OPERATION  VII. 


Hovû  to  reprejent  in  TerfpeSiive  a  Floor  made  of 
quai  Squares  feen.Corner-wtfe,  and  encompajs'd 
With  a  Border^  without  a  Geometrical  F  lain. 


"r^îvide  the  Ground-Iine  AB  into  Parts  alternatively  E-  14.' 
J  3  qualand  Unequal,  as  you  did  before  ;  and  draw  thro*  .0.  * 
the  Points  of  Divifion  to  the  Points  of  Diftance  DD,  as  many  **  * 

Lines,  which  you  will  terminate  in  the  Perfpe^live  Square  as 
before,  which  will  be  deferib'd  as  taught. 


OPERATION  VIII.  . 

How  to  re^rejent  in  TerfpeSlive  a  Floor  of  OBogons 
mix'd  with  Little  Squares ^  without  a  Geometrical 
Tlain. 


Divide  the  Ground-line  AB  into  equal  parts,  as  if 
you  wou’d  only  draw  a  Floor  of  equal  Squares  feen 
fpreright,  and  deferibe  fuch  a  One  Actually,  as  has  been 
taught  in  Operation  4,  Then  take  at  pleafure  the  Square  9, 
and  the  Eight  others  which  are  round  about  it,  viz.,  r,2  3,41 
5, 6, 7, 8,  and  in  the  Squares  2. 4, (5, 8,  draw  the  Diagonals  which 
murt  tend  to  the  Points  of  Dift.ance  D,D,  and  you  will  have 
an  O£logon  j  and  the  others  are  done  the  fame  way. 


Fig.  29. 


SCHOLIUM. 


It  is  plain,  that  betwixt  the  Qftogons  fo  deferib’d,  there 
will  be  fuch  Little  Squares  as  are  required,  and  that  the  faid 
Oftogons  are  not  Regular,  bec^ufe  Four  of  their  lldes  are 
equal  to  the  lldes  of  thé  Little  Squares,  and  the  other  Four 
are  equal  to  the  Diagonals  of  the  faid  Squares.  ‘ 
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OPERATION  IX. 


How  to  reprejent  in  TerfpeSiive  a  Floor  tnade  of  Hex- 
agon  s  ^  without  a  Geometrical  F  lain. 

FUte  14.  I  ^IRST  draw  aFloorABEFj  upon  the  Ground-line  AB,  as 
Fig.  30.  has  been  taught  in  the  4t:h  Operation.  Then  take  at  plea- 
fure  Two  contiguous  Squares  as  1,2,  and  draw  the  Diagonals 
of  the  Two  other  Squares,  which  are  on  the  Right  and  on  the 
Left,  and  you  will  have  an  Hexagon,  which  will  be  a  Model 
tor  che^rert,  becaufe  they  are  all  dcfcrib’d  the  fame  waJ^ 

SCHOLIUM. 

It  is  alfo  plain  that  thofe  Hexagons  thus  defcrib’d,  do  not 
-  '  ‘  reprefent  Regular  Hexagons;  becaufe  their  Sides  are  not 

equal  in  Reprefentation,  the  longeft  being  the  Diagonals  of 
thofe  Squares  which  are  made  upon  the  fhorteft,  as  in  the 
foregoing  Oftogons. 

operation  X. 

How  to  find  in  the  TiBure.,  the  Appearance  of  a  Circle 
given  in  the  Geometrical  Tlaint 

Plate  17.  'TP'  O  find  the  Appearance  of  the  Circle  ILKM,  which  is 
given  in  the  Geometrical  Plain,  defcribe  about  that 
Circle  the  Square  EFGH,  One  fide'of  which  as  EF  or  GH, 
qiuft:  be  parallel  to  the  Ground-line  AB,  and  the  other  Side 
EH  or  FG  muB:  confequently  be  perpendicular  to  the  faid 
Ground-line  AB.  Draw  the  Two  Diagonals  EG,  FH,  which 
interfefting  at  O,  the  Center  of  the  Circle,  will  give  upon 
ÎKLM  the  Circumference  of  it,  the  Four  points  P,  Q,  R,  N. 

Laftly,  find  in  the  Pi£\ure  ABVD,  the  Appearance  of  the 
Square  EFGH,  which  is  the  Perfpeftive  Square  i,  3,  5,  (î, 
with  all  its  Divifions,  and  thro’  the  points  2,4,10,8,7,9,11,12, 
which  are  the  Appearances  of  the  points  L,Q.,K,R,M,N,I,P, 
of  the  Circumference  of  tfie  Circle  given,  draw  a  Curve 
which  will  determine  th'e  Appearance  of  IKLM,  the  Circle 
propos’d.  - 

SCHOLIUM. 

To  defcribe  more  eafily  the  Curve,  which  reprefents  the 
Circumference  of  the  proposé  Circle  ILKM:  it  will  not  be 
L  ■  •  ■  ’  '  '  amifs 
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amîfs  to  find  fome  other  points  between  thofe  whofe  Appear¬ 
ances  are  fomething  diîlant  :  As  here,  the  Appearances  2,  4,  17* 

of  the  points  L,  Q,  being  at  fome  diftance  from  one  an- 33. 
other,  you  muft  find  the  Appearance  14  of  the  point  S, 
taken  at  pleafure  between  the  Two  points  L,  Q.  • 

It  is  not  abfolutely  necefiary  to  have  the  whole  Circle  upon  * 
the  Geometrical  Plain,  in  order  to  mark  its  Appearance  in 
the  Pi£ture,  for  it  is  fufficient  to  have  a  Fourth  part  of  it,  • 
as  LK,  becaufe  by  means  of  the  Appearances  of  the  points 
of  that  Quarter  LK  of  the  Circle,  you  may  by  a  fliorter  Way 
find  the  Appearances  of  the  Corrèlpondant  Points,  of  the 
Three  other  Quarters  KM,  MI,  IL. 

Thus  having  found  the  Appearance  14  of  the  point  Sj  and 
the  Appearance  13  of  the  Center  O,  you  mufi:  thro’  the  point 
14  draw  the  line  14,  i?,  parallel  to  the  Ground-line  ABj  and 
the  line  18,  15^,  muft  be  made  equal  to  the  line  18,  14  ;  and 
the  point  15  will  be  the  Appearance  of  the  Correfpondant 
Point  of  the  Quarter  LI,  that  is,  of  a  Point  as  far  diftanc 
from  the  Grounddine  AB  as  the  point  14, 

If  from  13  the  Apparent  Center  you  draw  to  ij,  the  point 
which  you  have  found,  the.line  13,  15:,  and  produce  it  till  it 
meets  the  line  V  14,  you  will  have  the  point  16  for  the  Ap¬ 
pearance  of  the  Correfpondant  Point  of  the  part  KM  :  And 
if  you  draw  thro’ the  point  16  the  line  16,  17,  parallel  to  the 
Ground-line  AB,  and  make  19,  17,  equal  to  19, 16,  the  point 
17  will  be  the  Appearance  of  the*  Correfpondant  Point  of 
the  Quarter  ML 

That  point  17  might  alfo  be  found,  by  drawing  thro’  the 
point  14,  and  the  Apparent  Center  13,  the  line  13,  17,  which 
is  call’d  the  apparent  Diamefer^  becaufe  it  is  the  Appearance 
of  One  of  the  Diameters  of  the  Circle  propos’d,  namely, 
of  that  which  goes  thro’ the  point  S,  whofe  Appearance  is 
the  point  14  For  the  fame  reafon  the  line  ii,  10,  is  an 
Apparent  Diameter,  becaufe  it  is  the  Appearance  of  the  Dia¬ 
meter  IK,  which  is  parallel  to  the  Ground-line  AB  :  and  the  •  - 

line  2,  7,  is  an  Apparent  Diameter,  becaufe  it  is  the  Appear¬ 
ance  of  the  Diameter  LM  perpendicular  to  the  faid  Ground¬ 
line  AB,  For  this  reafon  alfo  the  line  4,  6,  is  an  Apparent 
.Diameter,  becaufe  it  is  the  Appearance  of  the  Diameter  QN,. 
which  makes  half  a  Right-angle  with  the  Ground-line  AB; 

And  fo  of  the  others. 

The  Appearance  of  the  propos’d  Circle  ILKM  happens 
here  to  be  an  Ellipfis,  but  it  maybe  a  Circle,  when  the  Circle 
given  touches  the  Gro,und-line  AB,  at  the  point  L  of  the 
Vertical  Line  LV,'  and  the  diftance  between  the  Eye  and  thé 
Picture  be  a  Determinate  length,  which  we  fhall  find  thus-:  » 

C  4  Having 
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PÎAte  1%  Having  produc’d  tfie  Side  of  the  circumfcrib’d  Square 
Figl" EFGH,  till  it  meets  at  Right-angles  the  Horizontal-line  DD 
*  *  in  a  point  as  S,  draw  the  Right-line  SL,  and  cut  off  froqi  it 
çhe  part  SG  equal  to  the  part  SV,  and  the  remaining  part  LC 
will  be  the  diftance  VD,  which  muft  be  between  the  Eye  and 
and  the  Pifture  that  the  propos’d  Circle  ILKM  may  be  alfo 
reprefented  in  the  Pi£l:tire  by  a  Circle,  which'  will  like  the 

•  Ellipfis  touch  the  Two  fldes  E6,  F 5  at  the  Two  Ends  11,10, 
of  the  Apparent  Diameter  l  i,  IP. 

If  VD  the  diftance  from  the  Eye  to  the  Pifture  was  given, 
^and  you  wou’d  alfo  find  the  Height  of  the  Eye,  or  the  di- 
ftance  VL  from  the  Horizontal-line  DD  to  the  Groiind-line 
AB,  "that  the  Appearance  of  ILKM  the  Circle  given  may  be 
a  true  Circle  ;  the  Refiangular  Triangle  SVL  fhews  that  the 
Square  of  the  line  EL,  or  the  Square  of  the  Radius  of  the  given 
Circle  IRLM  muft  be  taken  from  the  Square  of  the  line  LS, 
or  from  the  Height  requir’d. 

The  given  Circle  IKLM  may  alfo  be  reprefepted  in  Per- 
fpeftive  by  a  true  Circle  ;  tho’  it  does  not  touch  the  Plain  of 
the  Pifture,'fo  that  its  Center  O  be  feen  foreright;  that  is, 
if  it  be  in  the  line  LM,  which  being  perpendicular  to  the 
Ground-line  AB  pafles  thro’  the  End  of  the  Vertical  Line 
VL  :  and  we  only  made  it  touch  the  Pifture  to  determine 
more  eafily  the  diftance  from  the  Eye  to  the  Pifture,  and  alfo 
to  haVe  an  eafier  Calculation  when  we  found  out  this  di¬ 
ftance  by  the  new  Analyfs,  thus  î 

.  Let  ABCD  be  the  Geometrical  Plain,  containing  the  given 

atQ  ip.  Çjpcle  IKLM,  which  touches  the  Picture  AGHB  at  the  point 
SJ-L,  in  fdeh  manner  that  the  Diameter  LM  of  that  Circle  be 
perpendicular  to  the  Ground-line  AB.  '  Let  the  Eye  be  at  E 
rais 'd  above  the  Geometrical  Plain  by  the  Height  EF,  which 
I  füppofé  known,  and  diftant  from  the  Pifture  the  length  of 
the  Principal  Ray  EV,  which  can  only  be  One  determinated 
diftance,  when  the  Reprefentation  L,  1 1,  7,  10,  of  the  Circle 
'  TKLM  is  a  true  Circle;  that  is,  when  the  Angle  EL;  is  equal 
to  the  Angle  EML,  and  confequendy  that  the  Triangle  E7L  is 
Similar  to  the  Triangle  ELM,  which  we  have  call’d  Subconm 
trary  SeSîiom 

•  Lèt  ^  bè'  put  for  the  Height  of  the  Eye  EF,  or  for  the. 
length  of  the  Vertical  Line  VL,  b  for  the  Diameter  LM  of 
the  given  Circle  IKLM,  and  x  for  the  Diftance  ÈV,  or  FL 
from  the  Eye  to  the  Picture  ;  and  you  will  have  x  for 

a  b  '  ■  ' 

the  line  FM,  and  — —  for  the  Diameter  L7,  becaufe  of  the 

b  X 

T’wo  Similar  Triangles  MFE,  ML;.  If  you  add  together 
thç  Two  Squares  EF,.Fi^,*you  will  have  aa  +  for  the 

Square 
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Square  EL,  becaufe  of  the  Triangle  EFL,  Reftangular  at  R-  PUte  *19 
hkewife  if  you  add  together  the  Two  Squares  EF,  FM,  you  Fig,  35. 
will  have  aa  bb  ^  ^bx  xx  for  the  Square  EM,  becaufe  of 
the  Reftangular  Triangle  EFM. 

^  Becaufe  the  Four  Squares  EL  :  L7  ;  ;  EL  :  LM  are  propor¬ 
tional,  by  reafon  of  the  Similar  Triangles  EL7,  ELM,  you 
will  have  in  Analytical  Terms  in  this  Analogy»  +  xx  % 

aab  . 

- «"  aa  bb'F  2  hx  ^  xx;  bb,  whofe  Two  Confe- 

bb'{‘  2  b  x  +  XX 

quents  being  divided  by  bb,  you  will  have  this,  aa  4  xx  : 

— - - * - bb^ibx  +xxi  i, whofe  TwoFirft  Terms 

bb  +  2bx  4-  XX  ■  ’ 

being  multiplied  by  bb  +  ^bx  +  xx,  you  will  have  this  laft 
Analogy,  aabb  +  zaahx  q-  ^^xx  "h  bbxx  4  ^bxs  <4^x4  :  aa  :  :  aa 
+  bb  ^ribx  XX  :  i,  and  confequputly  this  Equation  aabb  Hr 
2aabx  +  aaxx  +  bbxx  4  ibx^  «f  w4  aA  +  aabb  +  2aabx  4 
aaxx^  from  which  taking  the  Square  aabb  4  2aabx  4  aaxx^ 
you  will  have  this  other  Equation,  bbxx  4r  ibxi  +  xA:r=: 
and  by  the  Square  Root  you  will  have  this  ^5?  +  xx  z=z  aa, 
from  which  we  have  drawn  the  foregoing  Conftruftion»  ac¬ 
cording  to  the  ufual  Method  for  refolving  by  Geometry  the 
Equations  of  Two  dimenfions.  J' 


O  P  E  R  A  T  I  O  N  xr. 

I/ow  tQ  reprejent  in  Terjpe&ive  the  Situations  of 
(ever ai  Cubes  fe en  foreright,,  equal,,  and  equally 
dijiant  from  one  another,,  and  in  Rows,,  which  end^ 
in  the  Point  of  Sight,  without  a  Geometrical  Plain. 

IF  you  wou’d  have  Four  Rows  of  equal  Squares  at  equal 
diftances,  mark  upon  the  Ground-line  AB,  the  Rreadths 
AC,  EF,  GH,  IB,  of  thole  Squares,  in  fuch  manner  that 
thofe  Breadths  may  be  equal  to  one  another,  as  well  as  their 
diftances  CE,  FG,  HI  ;  and  dra  w  thro’  the  point  A,C,E,F,G, 
to  the  Principal  Point  V  as  many  Right-lines,  which 
will  be  cut  by  the  line  AD,  (which  line  muft  be  drawn  from 
the  Point  A  to  theoppofite  Point  of  Diftance  D)  in  points, 
thro’ which  you  muft  draw  as  many  Lines  parallel*  to  the 
Grouad-line  AB,  the  laft  of  which  will  be  KL,  and  if  you 
,wou’d  have  more  of  ’em,  draw  thro*  the  point  K  to  the 
Point  of  Diftance  Dj  a  Second  Line^  &c. 

OPER- 
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How  to  YOprefent  in  TerfpeSiive  a  Square  fe  en  Corner- 
•  wife^  with  Four  other  Little  Squares  Jeen  alfo 
Corner-wije^  and  Situated  at  the  Four  Angles  of  the 
great  Square^  without  a  Geometrical  "F  lam, 

m 

LE  T  usfiippofe  the  Angle  of  the  Square,  whofe  Appear¬ 
ance  we  wouM  have  in  thePifture  ABDD,  to  touch  the 
.  Ground-line  at  the  point  E  ;  take  from  that  point  E,  upon  the 
Ground-line  AB,  the  lines  E  A  EB,  each  equal  to  the  Diagonal 
of  the  Square,  whofe  Appearance  you  wou’d  have,  and  draw 
thro’  the  Two  Points  of  Diflance  DD,  to  the  Three  points 
A,  E,  B,  -Right-lines,  which  by  their  interfeftions  will  give 
the  Appearance  or  Reprefentation  EFGH  of  the  Square  re- 
•  quir’d.  *  .  . 

Now  to  reprefent  at  the  Angles  of  that  Square  EFGH,  Four  . 
Plate  19.  other  little  Squares,  which  are  as  the  Bafes  of  Four  Bays  of 
37*  Building,  of  Four  Pavillions,  or  Four  Pillars,  &c.  You 
muft  take  upon  the  Ground-line  AB,  the  lines  EK,  EL,  AM> 
BN,  each  equal  to  the  Diagonal  of  one  of  thofe  little  Squares, 
which  are  fuppos’d  to  be  about  the  Square  of  the  Geome¬ 
trical  Plain  ;  and  make  an  end  of  the  reft  as  has  been  taught, 
and  as  you  fee  in  the  Figure.  \  ^ 

.If  you  wou*d  have  other  Squares,  you  muft  draw  thro 
the  point  G  the  line  OP  parallel  to  the  Ground-line  AB,  and 
make  an  end  of  the  reft  as  the  Figure  (hews,  without  any 
need  of  a  farther  Explication.  ■  ' 
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ELEVATIONS, 

OR, 

SCENOGR^THT. 

HAving  fufficiently  treated  of  the  Reprefentatîon  of 
Points,  Lines  and  Plains  ;  to  go  on  Methodically 
and  in  Order,  we  muft  now  fpeak  of  Elevations, 
and  Firft  of  Upright  Bodies,  and  afterwards  of 
Leaning  or  Inclin’d  Bodies,  as  you  will  fee  in  the 
following  Problems. 

OPERATION  XIIL 

Uow^  from  a  T oint  given  in  the  Ti&ure^  to  raije  a> 
Terpendicular  to  the  Ground4ine,  çf  a  length  given 
in  Reprefentation. 

ISuppofe  the  point  F  to  be  given  in  the  Pifture  ABDV> 
from  which  you  muft  raife  a  Perpendicular  to  the  Ground-  p-  ^ 
line  AB  fuch  as  FG  here,  which  is  to  reprefent  (/or  Example)  ^ 
the  Height  of  Two  Foot.  We  have  here  given  this  point  F 
in  Four  V different  places  of  the  Pifture,  to  fbew  that  the 
Way  to  determine  the  Height  FG  is  every  where  the  fame, 
as  you  u'ill  fee. 

Since  a  Height  of  Two  Foot  is  requir’d  in  Reprefentatîon, 
a  real  length  of  Two  Foot  is  to  be  mark’d  fomewhere  on  the 
Groiind^line  AB,  as  from  B  to  E  ;  and  thro*  the  T  wo  points  E,F, 
and  the  point  H  taken  at  pleafure  upon  thé  Horizontal  Line 
VD,  are  to  be  drawn  the  lines  HE,  HB,  which  will  ferve  as  a 
Scale,  which  Defargues  calls  Fleeing  Scale,  whofe  Ufe  follows.' 

Draw  thro’  the  given  Point  F,  the  line  FG  parallel  to  the 
Ground-line  AB,  and  the  part  NO  comprehended  in  the 
Fleeing  Scale  will  reprefent  Two  PerfpeBive-^Feet,  which  De¬ 
fargues  calls  Feet  in  Front,  as  the  line  HE  is  call’d  the  Fleeing  Line, 
and  the  line  SOj  the  Line  in  Front,  which  Defargues  calls  alfo 
the  Scale  in  Front,  when  it  is  divided  into  equal  parts,  as  here, 
by  Lines  in  Front  which  proceed  from  the  Principal  Point  V, 
by  the  equal  Divifions  of  the  Ground-line  AB,  which  repre¬ 
fent  real  Feet  or  Inches,  &c.  If  then  the  line  FG  be  made 
‘  .  equal 
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equal  to  its  correfpondant  line  "NO,  iç  mil  reprçfent  tkc 
Height  of  Two  Feet  as  it  was  propos’d. 

*  SCHOLIUM. 

If  in  the  Pi£li|re ABDV,  you  defcrrbe  a  Floor  of  Squares^ 
whofe  fides  are  each  of  One  Perfpeftive  Foot,  which  Dejargue^ 
calls  Fleeing  Foot,  when  it  lofes  it  felf  upon  a  Fleeing  Line, 
as  has  been  taught  in  Operation  4.  Thofe  Squares  will  be  a 
means  to  find  out  the  length  of  the  line  FG,  which  muft  be 
equal  to  the  length*of  Two  Foot  in  Front,  taken  in  any  part 
of  the  line  in  Front  FO. 

But  becaufe  it  is  too  tedious  to  deferibe  a  Floor  of  Squares, 
and  that  there  is  not  always  room  in  the  Piftiire  to  make  a 
Fleeing  Scale  ;  that  is,  to  fet  off  upon  the  Ground-line  AB, 
the  Height  given  BE,  karn  this  other  Method,  which  may  be 
prattic’d  without  any  confufion. 

Raife  from  the  point  B  taken  at  pleafure  upon  the  Ground- 
line  AB,  the  Perpendicular  BC  Two  Foot  long,  or  of  fuch 
a  length  as  you  wou’d  make  FG  appear  to  be,  and  draw  from 
the  point  H  taken  at  pleafure  upon  the  Horizontal-linq  VD, 
to  the  Two  pôints  B,  C,  the  lines  HB,  HC,  between  which 
you  muft  determine  the  length  of  the  Perpendicular  FG,  by 
drawing  from  the  point  O,  (where  FO  the  Line  in  Front 
meets  the  line  HB,)  the  line  OM  parallel  to  the  "Line  of  £/^- 
•vation  BC,  and  that  parallel  OM  will  be  the  Height  FG  re^ 
quir’d. 

OPERATION  XIV. 

How  io  reprefent  in  Perfpefihe  a  Right  Prijm* 

TO  reprefent  in  the  Pi^lure  ABDV,  an  upright  Prifuii^ 
whofe  Bafe  or  Situation  is  (for  Example)  an  Hexagon  ; 
Firft  deferibe  the  Sexangular  Bafe  i,  2,  3,  4,  5,  6,  in  the  Geo¬ 
metrical  Plain  over  againft  the  Ground-line  AB,  from  which 
it  muft  be  diftant  in  Proportion  of  the  diftance  from  the 
Prifm  to  the  Pifture  ;  and  its  Pofirion  in  refpeft  to  the 
Ground-line  AB,  and  to  the  Principal  Point  V  muft  be  ac¬ 
cording  as  that  of  the  Prifm  that  you  wou’d  reprefent  ini 
Perfpeâive,  is  in  refpeft  to  the  Picture  and  the  Eye. 

Having  made  this  Preparation,  you  muft  by,  Operation  3, 
put  in  Perfpeftive  the  Plan  i,  2,  3,  4,  5:,  and  from  all  the 
Angles  of  the  Perfpeftive-Hexagon  raife  lines  perpendicular 
to  the  Ground-line  AB,  to  which  you  muft  give- a  Height  equal 
in  Reprefentation  to  that  of  the  proposé  Prifm,  as  has  been 
taught;  namely,  by  fetting  off  that  Height  given  on  the 
Ground-line  from  B  to  E,  or  on  its  Perpendicular  BC,  &c. 

SC  HO- 


(  . . 


■??-  -  :  •  ■*■ 
••>•■  »,  •  -.•.  •»  i 


'  ;  . -.J 

■  / 


-»  .---.-r  '.■'.  '  •-.  ’v  '<’ 


,  jf--  -  :- 

*  •  .  -V;, 


f*' 


f  ■ 


■•'  y 


^  ^  ,;■  t 


;•  7 


V 

i" 

ft. 


f  -■:. 


i 

^- 


\ 

Ir 


I 


;  î^. 

/  -:i'  i 


•I 


r' 


f 


Fûrjpecttv^  JPlate^  ,  zi  , 


/ 


0/ Scenography.  45- 

SCHOLIUM. 

Wïien  you  wou’d  reprefent  a  Cube  fcen  m  Front,  wbofe 
Side  is  equal  in  Reprefentation  to  a  Line  in  Front,  given  in 
the  Pifture,  as  to  the  Line  CE,  you  may  make  ufeofthis 
Ihort  Method. 

Draw  thro’  the  Two  points  E,C,  to  the  Principal  PointV,the 
Rays  VEjVC,  and  thro’  the  Point  C  to  the  Point  of  Diftance 

D,  the  Ray  CD,  which  will  upon  the  Ray  VE  give  the  point 
8  ;  thro’  which  you  muft  draw  to  the  given  Side  CE,  or  to 
the  Grounddine  AB,  the  Parallel  7,  8,  which  will  be  termi-’ 
nated  at  the  point  7,  by  the  other  Ray  VC,  and  the  Per- 
fpcâive  Square  7CE8  will  be  the  Bafe  of  the  Cube  to  be  de- 
fcrib’d;  then- you  need  only  to  raife  from  the  Two  points 

E, C,  the  lines  EG,CF,  equal  and,  perpendicular  to  the  fide 
CE,  and  like  wife  from  the  Tw^o  points  7,  8,  the  Two  lines 
70,  89,  equal  and  perpendicular  to  the  fide  7,8,  drc. 

When  you  wou’d  reprefent  in  Pcrfpeâive  a  Right  Cylin¬ 
der,  whofefBafe  is  a  Circle,  defcribe  that  Circle  in  Perlpeftive, 

Operation  10.  and  from  feveral  points  of  that  Perlpeftive 
Circle,  raife  Perpendiculars,  Each  equal  in  Reprefentation  to 
the  given  Height  of  the  Cylinder  ;  then  join  the  Upper  End 
of  all  thofe  Perpendiculars  by  a  Curve,  and  the  whole  Opera¬ 
tion  is  perfeded. 

OPERATION 

flow  to  reprefent  in  PerJpeBlve  feveral  Upright  Cubes 
equally  iiiflant  from  one  another^  and  fet  in  Rows 
parallel  and  perpendicular  to  the  Pi&ure. 

First  you  muft  defcribe  in  the  Pidure  the  Situation 

of  all  thole  Cubes,  W'hich  are  fo  many  Pcrfpedive  lîo' 
Squares,  as  has  been  taught  in  Operation  ii.  Then  from 
the  Angles  raife  Perpendiculars  to  the  Ground-line  AB,  and 
Each  equal  to  its  Correfpondant  Side  which  is  parallel  to  the 
Ground-line  AB,  (as  w-e  have  faid  in  the  foregoing  SchoHunU 
as  the  Two  Perpendiculars  13,24,  Each  equal  to  its  Cor- 
refpondanc  Side  12,  , 

SCHOLIUM. 

If  inftead  of  Cubes  you  wou’d  have  Square  Pillars,  you 
muft  work  the  fame  Way,  except  that  .the  Height  of  each 
Pillar  wou’d  not  be  equal  to  its  correfpondant  Side  ;  but  it  ^ 
may  be  determin’d  according  as  it  is  given,  by  the  General 
Rule  of  Operation  13,  But  if  inftead  of  Square,  you  wou’cl 
have  Pillars  or  Cylinders,  whofe  Bafes  are  Circles,  you  muft 
ÙJ  Operation  10,  defcribe  the  Reprefentations  of  tholc.Circles 


* 
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in  the  Little  Perfpeftive  Squares,  and  the  reft  as  has  been 
taught  in  the  foregoing  Scholium. 


OPERATION  XVI. 

How  io  reprefent  in  TerfpePiive  an  Uptight  Concave 
Prifm. 

41.  TP  wou’d  have  the  Safe  of  a  Concave  Prifm  (for  Ex.) 
*  A.  Oftogon,  defcribe  in  the  Pifture  ABDV  the  Appear¬ 
ance  of  a  double  Oftogon  for  that  Bafe,  and  raife  from  all 
the  Angles  of  the  faid  Bafe  as  many  Right-lines  perpendicular 
to  the  Ground-line  AB,  Each  equal  in  Reprefentation  to  the 
Height,  which  you  wou’d  give  your  Prifm,  fuch  as  is  here 
BC,  and  join  the  Ends  of  all  thofe  Perpendiculars  by  Right» 
lines,  and  the  whole  is  ended. 


OPERATION  XVir. 


How  to  reprefent  in  VerfpePtive  an  Upright  Body 
cut  Jloping, 

IF  you  wou’d  have  the  Bafe  of  the  Body  be,  for  Example, 
an  Hexagon,  defcribe  in  the  Pifture  ABDV,  the  Àppear- 
sig,  42,  gpçg  qP  a  double  Hexagon,  the  inward  being  the  Bafe  or  Si¬ 
tuation  of  the  Upper  Hexagon,  and  the  oUtward  wall  be  for 
the  Talu,  or  Slope,  w^hich  is  knowm  as  well  as  the  Height  of 
the  flop’dBody,  by  means  of  the  Profit,  call’d  alfo  the  Parfit, 
which  is  the  Seftion  of  a  Body  and  a  Vertical  Plain  (that  is 
perpendicular  to  the  Horizon)  as  EFGH,  where  the  Height 
of  the  Body  propos’d  is  reprefen  ted  by  the  Line  GK,  or  HI, 
and  its  Tatu  or  Slope  by  the  Part  KF  or  El,  terminated  by  the 
Lines  HI,GK,  perpendicular  to  the  Bafe  EF,  &c. 

Having  then  defcrib’d  the  Perfpeftive  Plain  of  the  Body 
propos’d,  raife  from  all  the  inw^ard  Angles  Perpendiculars  to 
the  Ground-line  AB,  Each  equal  in  Reprefentation  to  the 
Height  of  the  Body  propos’d?  which  is  found  in  the  Profil, 
^iz.  HI,  or  GK,  or  its  equal  BC,  and  join  the  ends  of  all 
thofe  Perpendiculars  by  Right-lines  to  have  the  Upper  Hexa-  ■ 
gon,  whofe  Angles  muft  alfo  be  join’d  to  the  Correfpondant 
Angles  of  the  Talu  by  Right-lines,  as  the  Angle  i  to  the  Angle 
‘  2,the  Angle  3  to  the  Angle  4,  the  Angle  5  to  the  Angle 
6,  &c. 
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Of  Scenography. 

OPERATION  XVm. 

How  to  reprejent  in  FerJpeBive  Two  Tyramtds^  of  . 
which  the  One  (lands  upon  its  Baje^  and  the  Other 
sj  rais'd  upon  its  Vertex. 

First  to  find  the  Appearance  of  a  Pyramid  Handing  jp/^ 
upon  its  Bafe ,  defcribe  that  Bafe  in  Perfpeftive,  as  * 
i,*2,5,4,  from  its  Center  6,  the  Line  (5,  perpendicular 
to  the  Ground-line  AB,  and  equal  in  Reprefentation  to  the 
given  Height  of  the  Height  of  the  Pyramid,  to  have  at  the  • 
point  5,  the  Vmex  of  the  Pyramid  ;  then  make  an  end  of  the 
reft  as  you  fee  in  .the  Figure. 

Secondly,  To  find  the  Appearance  of  a  Pyramid  refting  on 
its  Vertex^  having  fas  before)  defcrib’d  the  Perfpeâive  Plan 
I,  2,  3,  4,  defcribe  upon  that  Plan  the  Prifm  4,  5,  <5,  7,  a,  i, 
whofe  Height  is  equal  in  Reprefentation  to  that  of  the  pro¬ 
pos’d  Pyramid  ;  and  take  the  Upper  Plan  5, 6,7, 9,  for  the  Bafe 
of  the  inverted  Pyramid,  and  the  Center  8  of  the  lower  Bafe 
for  the  Vertex  of  the  Pyramid,  &c, 

OPERATION  XIX. 

How  to  reprefent  in  TerfpeBive  an  Upright  Concave  • 

\  Body  cut  Jloping  both  within  and  without» 

IF  you  wou’d  have  the  Bafe  of  the  Upright  Body  cut  2 

ping  within  and  without,  to  be,  for  Example^  an  Hexagon;  fig*  4^, 
jdeferibe  in  the  Picture  ABVD  the  Appearance  of  a  double 
Hexagon,  according  to  the  Thicknefs  chat  you  will  give  to  . 
the  Sides  of  the  Concave  Body,  or  according  as  the  Profil  (if 
there  be  one)  will  give  it  youi  And  round  about  this  double 
Hexagon  defcribe  within  and  without,  Two  other  Hexagons, 
parallel  in  Reprefentation  to  the  Two  former  ;  and  nearer  or 
farther  off  according  to  the  Breadth  that  you  will  find  in  the 
Profil  of  the  inward  or  outward  Talu.  From  all  the  Angles 
of  the  double  Oftogon,  which  is  in  the  middle  of  the  Two  • 
others,  raife  Perpendiculars  to  the  Ground-line  AB,  and  equal 
in  Reprefentation  to  the  Height  of  cheBody  propos’d,  which 
you  will  find  in  the  Profil,  and  end  the  reft  as  we  have 
caught  in  Operation  18,  . 
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Plate  ïj. 
fi£-  4S- 


OPERATION  XX. 

Howto  téprefentin  FerfpeSiive  the  Trojil  of  a  Tiece 

of  Fortification, 

HAvIng  drawn  in  the  PiQiure  the  Profil  which  you  wou’d 
rcprefent  in  Perfpeftive,  in  its  Natural  Dimenfions, 
in  fuch  manner,  that  CD  the  Level  of  the  Field  may  be  pa¬ 
rallel  to  the  Ground-line  AB,  draw  from  all  the  Angles  of 
.  that  Profil  to  the  Principal  Point  V,  Rays  which  you  will 
terminate  thus.  Draw  .at  pleafure  a  Second  Line  EF  for  thd 
Level  of  the  Field  parallel  to  the  Firft  CD,  and  that  Line  EE 
will  terminate  the  Firft  Ray  DG  at  the  point  G,  thro’  which 
you  muft  draw  to  the  line  DI  the  parallel  GH,  which  will 
at  H  terminate  the  Second  Ray  HI,  &c.  This  may  alfo  be 
done  another  Way,  but  the  Figure  is  too  fmall  to  fhew  what 
cou’d  bé  faid  more  concerning  it. 

SCHOLIUM. 

* 

As  all  the  Èodles  which  we  (lave  hithert;p  defprib’d,  had 
all  their  parts  of  the  fame  Height,  except  the  foregoing  Pro¬ 
fil,  we  have  reprefented  them  only  by  means  of  their  Plan  or 
Bafe.  But  when  they  have  different  Heights,  you  muft  have 
the  Profil  as  well  as  the  Plan  ;  becaufe  that  Profil  will  ftiew 
what  Heights  are  to  be  given  to  the  feveral  parts  of  the  Body 
which  you  wou’d  reprefent  in  Perfpeftive.  Wherefore  in 
fuch  Cafes,  we  fhall  make  Ufe  both  of  the  Plan  and  of  the 
Profil,  as  you  will  fee  in  the  following  Operation. 

OPERAT!  O  N  XXI. 

*  How  to  reprefent  in  TerfpeFiive  a  double  Crofs  rais'd] 
at  Right  Angles  upon  the  Geometrical  Fhin, 


Mate  24 
Fig.fsfi 


ÏJi 

tx 

*  Plan  tj 


’Aving  drawn  both  the  Plan  and  the  Profil  of  the  Crofs 
which  you  wou’d  reprefent  in  Perfpeftive,  place  this 
in  the  Geometrical  Plain  over  againft  the  Ground-line, 
according  to  the  Situation  that  you  have  a  mind  to  giye  to 
the  Crofs  ;  and  when  you  have  put  this  Plain  in  Perfpeftive, 
raife  from  all  its  Angles  Perpendiculars  to  the  Ground-line 
AlS.  to  fet  Upon  it  the  Heights  of  the  Correfpondant  Parts  of 
of  the  Crofs,  (fuch  as  you  fee  ’em  in  their  true  Dimenfions 
in  the  Profil,  which  you  muft  fhorten  by  the  Rules  of  Opera» 
tion  13.)  and  to  join  the  Ends 'of.  thofe  Perpendiculars  by 
Right-lirtes,  as  thofe  of  the  Profil  are  join’d. 
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SCHOLIUM. 

.  If  a  double  Equilateral  Crofs  be  defcrib’d,  aqd  the  Ends  of  Plate 
Its  Four  Arms  and  the  Tree  be  join’d  by  Right-lines,  you  will  Fig,  47* 
have  the  Appearance  of  a  Polyhedrum  ;  that  is,  of  a  Body  made  ' 
up  of  feveral  Plains,  and  f  infcriptible  in  à  Sphere,  whofe  Ccn-  ^  ^ 

ter  vvill  confequently  be  the  Center  of  the  Sphere.  Of  thofe  in/crib^d  in» 
Plains,  which  are  26  in  Number,  iS  will  be  Squares  and  E- 
qual  to  one  another,  and  8  will  be  Triangles  Equal  to  one 
another’ and  Equilateral. 

But  there  is  another  Way  to  deferibe  fiich  a  Polyhedrum^  Plate  26. 
by  feeing  the  Figure  48.  where  you  muft  obferve,  that  AF  is  Fig.  48. 
the  Height  of  the  Firft  rais'd  Oflogon,  and  of  the  Square 
.9,  10,  ri,  12,  which  is  thé  Bafe  of  the  Polyhedrum  upon  the 
Pedeftal,  or  the  Firft  rais’d  Oftogon  :  That  AG  is  the  Height 
of  the  Second  rais’d  Oftogon;  AH  that  of  the  Third  ;  and 
Al  the  Height  of  the  Second  rais’d  Square,  when  the  Poly- 
hedrum  is  higher  than  the  Eye  :  And  laftly.  That  the  Lines  i 
FGjHI,  are  Each  equal  to  the  Line  8,9,  or  to  the  Line  1,9,  of 
the  Plan  of  Situation,  and  the  Line  GH  equal  to  the  Side 
1,2,  of  the  fame  Plan  of  Situation.  -  . 

But  when  the  Polyhedurm  is  higher  than  the  Eye,  the  Line 
DL  is  the  Height  of  the  Firft  Square  9,  10,  i  r,  12,  above  the 
Horizontal  Line  DV  ;  DM  the  Height  of  the  Firft  Ôftogon 
of  the  Polyhedrum  above  the  faid  Horizontal  Line;  DN  the 
Height  of  the  Second  Oftogon  ;  and  DE  the  Height  of  the 
Second  Square,  the  Lines  LM,  ÇN  being  like  wife  each  equal 
to  the  Line  8,9,  of  thé  Plan  of  Situation  ;  and  the  Line  MN 
to  the  Side  i,2,^of  the  faid  Plan  of  Situation. 

OPERATION  XXII. 

Hovsto  reprefent  mTerfpeBive  a  Right  Prifm  rais'd 
upon  One  of  its  Oblique  Tlains. 

• 

T  X Aving  deferib’d  upon  the  Line  EF,  which  I  ruppofe 
I  parallel  to  the  Horizon,  the  Profil  of  the  propos’d 
Prifin,  with  its  Plan,  vvhich  will  be  terminated  by  Lines 
drawn  at  Right  Angles  upon  the  Line  EF,  Rom  all  the  An¬ 
gles  of  the  Profil  ;  this  Plan  muft  be  deferib’d  in  Per- 
fpeftive,  by  putting  it  over  againft  the  Line  AB  in  the  Geome¬ 
trical-plain,  according  to  the  Situation  that  you  wop’d  give 
that  Prifm  ;  and  from  all  the  Angles  of  that  Perfpeftive  Plan, 

Lines  muft  be  drawn  perpendiciilar  to  the  Ground-line  AB,‘ 
and  equal  in  Reprefentation  to  the  Height  of  thofe  Points 
which  anfwer  to  ’em  in  the  Profil  ;  And  joining  thofe  points 
together,  which  belong  to  thfe  fame  fide  (as  the  Profil  will  di- 
you j  :^e  Problem  will  be |blv’d. 

i  D  .  sc  no- 
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SCHOLIUM. 

Plate  28.  If  you  wou’d  reprefenc  this  Prifm  with  fuch  a  Hole  ^hro’ 
Fig.  50.  as  may  give  pafTage  to  the  Light,  draw  likewife  its  Profil  and 
Plan,  to  end  the  reft  as  has  been  taught,  and  as  you  may  fee 

in  Fig,  50.  *  r.- 

Plate  29.  After  this  Manner  alfo  may  be  reprefented  in  Perfpettive  a 
5  r.  Right  Prifm  bearing  upon  One  of  its  Sides,  Namely,  by  de- 
fcribing  upon  the  Line  EF  parallel  to  the  Horizon  the  Profil 
of  that  Prifm  ;  and  below  the  faid  Line  EF,  its  Plan,  whofe 
Breadth  6,  <5,  or  2,  2,  reprefents  the  Thicknefs  of  the  Prifm, 
or  the  Length  of  that  Side  on  which  it  refts  ;  and  making  an 
end  of  the  reft  as  before,  and  as  you  may  fee  in  Fig,  51. 

OPERATION  XXin. 

How  to  reprefent  m  Terfpe&ive  a  Trifm  IndirH  to 
the  Horizon,  re  fling  on  one  fide,  and  fuflaidd  hy 
another  Prifm  y  which  is  Upright. 

Plate  30.  Tp  you  defcribe  upon  the  Line  EF  parallel  to  the  Horizon, 
X  ïhe  Profil  of  the  Inclin’d  Prifm,  and  of  the  Right-One 
againft  which  it  leans,  with  their  Plans  of  Situation,  it  will 
be  as  eafy  to  reprefent  thofe  Bodies  in  Perfpeflive  as  the  fore¬ 
going  ;  therefore  I  think  a  fight  of  the  Figure  is  enough,  in 
Imitation  of  which,  and  by  help  of  what  has  been  faid,  it  will 
be  eafy  to  reprefent  in  Perfpeflive  a  Body  refting  upon  one  of 
its  Solid  Angles,  if  you  have  its  Plan  andTrt)fil  ;  And  thus 
you  may  likewife  reprefent  what  you  will  in  the  Piflure, 
-without  my  giving  any  more  Examples. 

SCHOLIUM. 

What  has  been  faid  hitherto  fuppofes  the  Piflure  Right, 
or  Perpendicular  to  the  Horizon,  becaufe  it  is  ufually  fo  ; 
Neverthelefs,  as  in  fome  Cafes  it  may  be  Inclin’d,  (as  when 
you  wou’d  paint  upon  the  Surface  of  a  vaulted  Roofj  we  fliall 
here  occafionally  give  the  Method  to  reprefent  in  a  Pifture  In¬ 
clin’d  to  the  Horizon  a  Prifm  perpendicular  to  the  Horizon, 
by  means  of  the  Profil  and  Plan  of  the  Pifture,  which  muft 
be  prepar’d  thus: 

Di  ,  Firft  to  defcribe  the  Profil  of  the  Piflure,  draw  the  indefinite 
^  'LineEF,  which  you  muft  take  for  the  Line  of  Station  ;  and 
53*  j-ajfg  upon  its  End  E  the  Perpendicular  EG,  equal  to  the 
Height  of  the  Eye  above  the  Geometrical-plain,  to  have  ac 
G  the  place  of  the  Eye,  and  at  E  its  Situation.  Then  draw 
thro’  the  point  H  Cdiftanc  from  E  by  the  Diftance  from  the 

Situ- 
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Situation  of  the  Eye  to  the  Piftiire)  the  indefinite  Line  HI 
Inclin’d  to  the  Line  of  Station  EF,  as  much  as  you  wou’d  ^  -f  * 
have  the  Pifture  Inclin’d  to  the  Horizon,  and  that  Line  HI 
muft  be  taken  for  the  Vertical  Line  and  for  the  Pidure. 

Draw  again  from  the  Eye  plac’d  at  G  the  Line  G1  parallel  to 
the  Line  of  Station  EF,  and  this  Line  GI  which  reprefents 
the  principal  Ray,  will  upon  the  Vertical  Line  HI,  give  the 
Point  I,  which  will  reprefent  the  Point  of  Sight.  Ladly^ 
produce  the  Lines  EG,  HI,  till  they  cut  one  another  in  a 
point,  as  K,  which  we  fliall  call  the  /Accidental  Point  of  the 
Piclure,  where  the  Appearances  of  all  the  Lines  which  are  per¬ 
pendicular  to  the  Horizon  being  produc’d  mufi:  end,  hj  Theon 
8.  (which,  as  well  as  all  others,  agrees  as  well  with  the  In¬ 
clin’d  as  with  the  Vertical-pidure)  and  the  Profil  of  the 
Pidure  is  ended» 

To  defcribe  the  Plan  of  the  Pidure,  draw  in  another  place 
of  your  Paper,  the  Horizontal-line  VD,  and  Ground-line 
AB,  parallel  to  the  Horizontal  VD,  and  diftant  from  the  faid 
^Horizontal  by  the  Length  of  HI  the  Vertical-line  of  the  Pro-» 
fil,  in  fuch  manner,  that  the  Perpendicular  VA  may  be  equal 
to  that  Vertical  HI  :  And  having  taken  the  point  V  for  the 
Point  of  Sight,  draw  VD  equal  to  the  principal  Ray  GI,  to  .  ^ 

have  at  D  the  Point  of  Diflance.  Ladjy,  take  upon  VA  the 
Perpendicular  or  Vertical-line  produc’d,  the  line  AL  equal  to 
the  Hypotenufe  HK  of  the  Profil,  to  have  at  L  the  Accidental- 
point  of  the  Pidure,  by  means  of  which  you  muft  reprefcnc 
in  this  Pidure  a  Right  Prifm  in  the  follovving  manner. 

Having  made  this  Preparation,  place  the  Bsfe  of  rhe  Prifint 
to  be  reprefented  in  Perfpedive,  in  the  Geometrical-plain 
over  againft  the  Ground-line  AB  as  ufually,  nearer  or  farther 
off,  according  to  the  Situation  that  you  wou’d  give  the  faid 
prifm  ;  as  the  Hexagon  r,  2,  3, 4,  5,  6,  which  muft  be  put  in 
Perfpedive,  as  if  the  Pidure  w'as  Right  i  but  inftead  of 
drawing  from  the  Angles  of  the  Perfpedive  Hexagon  Lines 
perpendicular  to  the  Ground-line  AB,  (as  you  ought  to  do  if 
rhe  Pidure  was  perpendicular  to  the  Horizon,'  you  muft 
draw  them  from  the  Accidental-point  L,  and  termiiiate  the 
Height  of  the  Prifm  thus,  > 

To  determine,  for  Example,  the  apparent  Ileight  of  rhe 
point  5,  which  is  in  the  Pidure;  draw  from  the  point  s'a 
which  is  in  the  Geometrical-plain,  çC  Perpendicular  to  the 
line  AB,  whofe  Length  muft  be  fet  off  upon  the  line  EF  of 
the  Profil  from  H  to  3,  from  which  you  muft  raife  3M  per<- 
pendicular  to  the  line  EF,  and  equal  to  the  given  Height  of 
the  Prifm.  Then  draw'  from  the  Eye  G,  thro’  rhe  Point  M 
the  Ray  GM,  which  will  upon  the  Line  HI  give  the  Point 
and  carry  the  Diftance  HN  upon  AV  the  Vertical  Line  of 
•  ■  'Da  the 
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the  Pifture,  from  the  point  A  to  the  point  3,  thro’  which 
3 1  •  you  mu  ft  draw  to  the  Ground-line  AB  the  parallel  to  3O, 
53‘  which  will  give  tipon  the  lineLO  ('drawn  from  the  Acciden¬ 
tal-point  L,  thro’  the  point  5;  of  the  Pifture)  the  point  O,  * 
and  the  line  5O  will  be  equal  in  reprefehtation  to  the  given 
Height  of  the  Prifm,  &c. 

Of  Shadows. 

Plate  32.  ^Hadorps  make  all  the  Beauty  of  a  piece  of  Perfpeflive,  be- 
54‘^  caufe  they  diftinguifli  the  parts  of  a  Body,  which  are 
from  the  Light,  and  ferve  in  fome .meafure  to  encreafe  the 
Splendor  of  the  enlightned  Parts;  ahd  thefe  parts  may  be  ei¬ 
ther  enlighten’d  by  the  Sun,  whofe  Rays  muft  be  confider’d 
as  parallel,  becaufe  they  come  from  a  point  at  an  Infinite  Di- 
Pance  from  the  Pifture;  or  by  a  fmall  Light,  as  a  Torch, 
whofe  Rays  cannot  be  parallel,  becaufe  they  come  from  a 
Point  not  very  far  Diftant  from  the  Pifture. 

As  in  Perfpeftive  thofe  Three  Plains  are  chiefly  confider’d, 
which  are  perpendicular  to  one  another,  the  Plain  of  the 
Pifture  ABCL),  which  we  alwàys  fuppofe  perpendicular  t© 

*  •  the  Horizon  ;  the  Vertical-plain  PGVQ,  which  -is  perpen¬ 

dicular  to  the  figure  ;  and  the  Geometrical-plaini  ABEF,  to 
which  the  other  Two  are  perpendicular  :  So  like  wife  thele 
Three  fcfllowing  Lines  are  chiefly  to  be  confider’d,  which 
are  perpendicular  to  one  another,  and  Each  to  fome  of  thofè 
Plains,  viz.  the  principal  Ray  GV,  and  all  its  Parallels  which 
are  perpendicular  to  the  Picture  ;  the  Height  of  the  Eye 
PG,  and  all  its  Parallels  which  are  perpendicular  to  the  Geo- 
metrical-plian  ;  and  laft  of  all,  all  the  Right-lines  which  arc 
parallel  to  one  another  and  to  the  Pifture,  and  confcquently 
perpendicular  to  the  Vertical-plain,  of  which  the  Line  which 
we  (hall  confider  chiefly  goes  thro’  the  Eye  G,  Namely, 
GO. 

To  determine  the  (hadows  of  Bodies  upon  ^any  Plain 
whatever ,  it  is  fufficient  to  know  the  Shadows  of  the 
Lines  which  are  their  Bounds,  and  as  thofe  Shadows  are 
ijfually  mark’d  in  the  Sun-lhine  ;  we  (hall  here  give  Rules  to 
determine  thofe  Shadows,  when  the  Sun  is  out  of  the  Plain 
of  the  Picture,  and  when  it  is  in  the  Plain  of  the  Pifture. 
For  this  End,  let  us  fuppofe  the  Sun  to  he  at  S,  and  One  of 
.  its  Rays  to  be  ST,  which  going  thro’  the  Eye  G,  meets  the 
Pifturc  at  the  point  T,  which  we  fliall  call  the  Place  of  the 
Sun  in  the  PiSiure  ;  becaufe,  as  we  have  fuppos’d  the  Rays  of 
the  Sun  parallel,  their  Appearance  concurring  at  T,  deter¬ 
mines  at  the  faid  point  T  the  place  of  the  Sun  in  the 
Pifture. 

rhh 
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This  being  fuppos’d,  draw  from  T,  the  place  of  the  Sun,  pi...  ^ 
TM  parallel  to  the  Vertical  Line  VQ,  which  will  be  ter- 
minated  at  M  by  the  Horizontal-line  KL  ;  and  to  the  princi-  * 
pal  Ray  VG,  or  Line  of  Station  PQ,  the  Parallel  TN,  which 
you  mud:  terminate  at  the  point  N,  thus.  Draw  thro*  the 
faid  point  T,  to  the  Ground-line  AB,  the  Parallel  TI,  which 
will  be  terminated  by  the  Vertical-line  VQ  at  the  point  I  ; 
thro’  which  you  mud:  draw  to  the  principal  Ray  VQ,  or'^to 
the  Line  of  Station  PQ  the  Parallel  IH,  which  will  be  termi¬ 
nated  by  the  Height  of  the  Eye  GP,  at  the  point  H,  thro* 
which  you  muft  again  to  the  line  TI  draw  the  parallel  HN, 
which  will  meet  the  line  TN  at  the  point  N,  from  w'hich  you 
mud:  draw'  the  line  1^0  equal  and  parallel  to  the  line  TM  ; 
and  join  MO,  which  will  be  parallel  and  equal  to  TN; 
and  GO,  which  w'il!  be  parallel  and  equal  to  HN,  as  alfo 
the  line  TI.  Join  alfo  the  Tw'o  lines  OT,  GI,  w'hich  will 
be  parallel  and  equal  to  one  another.  Ladly  join  VT,  and 
HS  ;  and  you  will  have  the  Two  Plains  MOGV,  TNHT,  pa¬ 
rallel,  to  one  another  and  to  the  Geometrical- plain  ABEF, 
and  confcquently  perpendicular  to  the  Plain  of  the  Pifture 
ABCD;  and  the  Tw  o  Plains  TNOM,  IHGV,  parallel  to  one 
another,  and  to  the  Vertical-plain,  and  confequently  perpen¬ 
dicular  to  the  Pifture  ;  and  laftly,  the  Two  Plains  TIVM, 
NOGH,  parallel  to  one  another,  and  to  the  Pifture,  and  con¬ 
fequently  perpendicular  to  the  Vertical-plain. 

We  Iball  call  the  point  I,  the  Point  of  IncUnMion  of  the 
Rays  of  the  Sun,  (becaufe  that  point  depends  on  the  Height  of 
the  Sun  above  the  Horizon  ;  it  being  certain  that  it  will  be 
nearejf  to  the  Horizontal-line  KL  when  the  Sun  is  nearer  ' 
to  the  Horizon  )  and  the  point  M,  the  Point  of  the  Decli¬ 
nation  of  the  Rays  of  the  Sun,  becaufe  that  point  depends  on 
the  Declination  of  the  Sun  from  the  Vertical-plain  ;  it  being 
certain,  that  it  wou’d  be  in  the  Vertical  Line  VQ,  if  the  Sun 
w'as  in  the  Vertical-plaiojin  which  Cafe  the  Tw'o  points  I,T, 
wou’d  coincide,  and  alfo  both  of ’em  coincide  with  the  prin¬ 
cipal  Point  V,  if  the  Sun  was  in  the  ïnterfeâion  of  the  Verti¬ 
cal  Plain,  and  of  the  Horizon  ;  and  they  wou’d  w'holly  vanifh 
if  the  Sun  was  in  the  Zenith.  This  being  Explain’d,  let  us 
proceeed  to  the  Rules. 


Rules 
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Rules  for  the  Sh  ado  vos  caus'd  hy  the  Sun^  fuppos'd  out 
of  the  ^Jain  oj  the  FiBure, 

I. 

3^‘  ^  HE  Shadow  that  the  principal  Ray  VG,  which  is  per- 

J-  pendicular  to  the  plain  of  the  Pifture,  makes  or  calls 
upon  the  Pifture  is  VT  ;  and  generally  the  Shadows  which 
all  the  Lines  parallel  to  the  principal  Ray  VG,  or  perpen¬ 
dicular  to  the  PiQure,  make  either  on  the  PiOure  or  on  Plains 
parallel  to  the  Pj6lure,  will  be  alfo  parallel  to  VT  ;  becaufe 
the  Plain  of  the  Shadow  TVG,  cutting  the  Figure  by  the 
Line  TV,  will  cut  all  the  Plains  parallel  to  the  Pifture  by 
Lines  parallel  to  TV  ;  and  the  other  Plains  of  Shadow  par¬ 
allel  to  the  Plain  of  Shadow  TVG,  will  alfo  cut  the  Fiflure 
and  the  other  Plains  which  are  parallel  to  it,  by  Lines 
parallel  to  TV. 

IL 

The  Appearance  of  the  Shadow  which  the  Paid  principal 
Ray  VG  makes  upon  the  Horizontal-plain  MOGV,  tends 
to  the  point  of  Sight  V  ;  and  generally  the  Appearance  of 
the  Shadows  made  (fby  Lines  parallel  to  the  principal  Ray  or 
perpendicular  to  the  Pifturej  on  the  Geometrical-plain,  or 
Plains  parallel  to  it,  and  confequently  to  the  Horizontal- 
plain,  rend  to  tlie  Point  of  Sight  :  Becaufe  the  Plain  of 
Shadow  TVG,  cutting  the  Horizontal-plain  MOGV,  (which 
is  parallel  to  the  Geometrical-plain  ABEF,)  by  the  line  VG, 
which  pafTes  thro’  the  principal  Point  V  ;  and  the  Plain 
TNHI,  (which  is  alfo  parallel  to  the  Geometrical-plain)  by 
the  line  TN,  which  is  parallel  to  the  principal  Ray  VG,  and 
confequently  perpendicular  to  the  Pifture,  (becaufe  thofe 
Two  plains  MOGV,  TNHÎ,  are  parallel  to  one  another,) 
the  Appearance.of  the  line  TN  muft  alfo  tend  to  the  principal 
Point  V,  hy  Theor.  8.  and  as  the  Seftions  made  by  the  Plains  of 
Shadow  parallel  to  the  Plain  TVG,  with  Plains  parallel  to 
one  another,  and  to  the  Two  foregoing,  (that  is,  to  the 
Geometrical  or  Horizontal-plain)  are  alfo  parallel  to  the  prin¬ 
cipal  Ray  VG,  hy  1 6.1  J.  their  Appearance  mud:  likewife  tend 
to  the  principal  Point  V. 

in. 

^  The  Appearance  of  the  Shadow  which  the  faid  principal 
RayVG,  and  its  parallels  m  ke  upon  the  Vertical-plain 

GH- 


J 
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GHIV,  and  Its  parallels,  tends  to  the  principal  Point  V  ;  be- 
caufe  the  common  Seftion  of  the  Plain  of  Shadow  XVG,  .  ^^32. 
and  of  the  Vertical-plain  GHVI,  is  VG,  which  paflcs  thro’ 54» 
the  principal  Point  V  :  And  if  any  other  Plain  parallel  to  the 
Vertical-plain  be  cut  by  the  faid  Plain  of  Shadow  TVG,  or 
by  others  parallel  to  it,  the  common  Seftions  will  be  parallel 
to  one  another,  and  to  the  principal  Ray  VG,  and  their  Ap- 
«pearances  will  by  Theor,  8.  tend  to  the  faid  point  of  Sight  V, 
which  is  their  Accidental-pointy 

IV. 

The  Shadow  made  by  the  line  GO,  which  is  perpendicular 
to  the  Vertical-plain,  upon  the  Geometrical-plain  ABEF,  is 
parallel  to  TI,  and  confequently  to  the  Ground-line  AB  ;  and 
generally  the  Shadows  made  upon  the  Geometrical-plain,  or 
other  Plains  parallel  to  it,  by  Lines  perpendicular  to  the 
Vertical-plain  ,  are  parallel  to  one  another  and  to  the 
Ground-line  AB  ;  becaufe  the  lines  GO,  TI,  (being  the  com¬ 
mon  Sections  of  the  Plain  of  the  Light  or  of  Shadow  GOS, 
and  of  the  Two  parallel  Plains  MOGV,  TNHI,)  are  parallel 
to  one  another,  by  \6.  ii.  and  confequently  to  the  Ground¬ 
line  AB  ;  and  what  I  fay  of  thofe  Two  parallel  Plains  MOGV, 

TNHI,  mufi:  alfo  be  underftood  of  the  Geometrical-plain 
ABEF,  and  of  all  the  others  which  are  parallel  toit:  And 
as  the  Appearances  of  the  line  TI,  and  of  all  its  parallels, 

•  are  parallel  to  the  Ground-line  AB,  by  Theorem  7.  it  follows 
that  the  Appearance  of  the  Shadows  of  all  the  Lines  perpen¬ 
dicular  to  the  Vertical-plain,  which  fall  upon  the  Geome¬ 
trical-plain  or  its  parallels,  is  parallel  to  the  Ground-line  AB- 

V, 

The  Shadow  which  the  faid  line  GO  makes  upon  ABCD, 
the  Plain  of  the  Pifture,  is  parallel  to  the  Horizontal-line 
KL  or  to  the  Ground-line  AB,  and  generally  the  Shadows 
which  all  the  Lines  perpendicular  to  the  Vertical-plain,  make 
upon  the  Pifture,  arc  parallel  to  one  another  and  to  the 
Ground-line  AB  ;  becaufe  the  Plain  NOGH  being  parallel  to 
the  Plain  of  the  Pifture  ABCD,  the  common  Setlions  OG, 

TI,  of  thofe  Two  parallel  Plains,  and  of  the  plain  of  Light 
or  Sliadow  GOS,  are  parallel  to  one  another  by  16.  1 and 
confequently  to  the  Ground-line  AB  ;  and  what  I  m,ay  fay 
concerning  thofe  Two  parallel  Plains  NOGH,  TMVI,  muft 
alfo  be  underftood  of  all  the  others,  which  being  parallel  to 
the  Picture,  go  thro’  Lines  parallel  to  the  line  GO,  and  are 
cut  by  a  plain  of  Shadow  or  Light,  parallel  to  the  plain  GOS- 
Vv^hence  it  is  eafy  to  conclude,  that  ..all  the  Shadows  whicli 
the  Lines  perpendicular  to  the  Verticai-plaini  call:  on  the 

D  4  Pifture 
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« .  Piûürc,  or  on  Plains  parallel  to  it,  are  parallel  to  one  anotfier  and 

^  ^  32,  fo  the  Ground-line  AB,and  hyTheor.'j.  that  the  Appearances  of 
54-  all  thofe  parallel  Lines,  are  allb  parallel  to  the  Groundline  ÂB. 

vr. 

The  Appearances  of  the  Shadows  which  the  faid  line  GO, 
and  its  parallels  caft  on  the  Vertical-plain  GPQV,  and  its 
parallels,  concur  at  I,  the  point  of  the  Inclination  of  the 
Sun’s  Rays  ;  becaufe  the  common  Seftion  of  the  Plain  of 
Light  GOS,  and  the  Vertical-plain  VGPQ,  is  the  line  GI, 
which  goes  thro’  I  the  point  of  Inclination  of  the  Sun’s  Rays  ; 
and  if  any  other  Plain  parallel  to  the  Vertical-plain  be  cut  by 
the  faid  Plain  of  Shadow  GOS,  or  by  others  parallel  to  it, 
the  common  Seftions  will  be  parallel  to  one  another  and  to 
the  line  GI,  and  their  Appearances  will,  Theor.  8.  tend  to 
the  fame  point  I,  which  is  their  Accidental-point. 

VIL 

* 

The  Appearance  of  the  Shadow  which  the  line  GP,  which 
IS. perpendicular  to  the  Geometrical-plain  ABEF,  calls  upon 
the  faid  Geometrical -plain)  ends  at  M,  the  Point  of  the 
Déclination  of  the  Sun’s  Rays,  and  commonly  the  Ap¬ 
pearance  of  the  Shadow  which  a  Line  perpendicular  to  thé 
Gçometrical-plain  calls  Upon  that  Geomearical-plain,  or  Plains 
parallel  to  it  concurs  at  M  the  Point  of  the  Declination  of  the 
Sun’s  Rays  ;  becaufe  the  Plain  of  Light  or  Shadow  GHS,  cut¬ 
ting  the  Plain  GVMO,  which  is  parallel  to  the  Geometrical' 
ABEF,  by  the  line  GM,  which  goes  thro’  the  point  M  of  the 
Declination  of  the  Sun’s  Raysj  will  cut  the  Geometrical-plain, 
and  all  thofe  which  are  parallel  to  it,  by  Right-lines  parallel  to 
the  line  GM  ;  And  likewifc  if  you  fuppofe  along  other  Lines 
perpendicular  to  the  Geometrical-plain,  Plains  of  Light  to  pafs 
parallel  to  the  plain  of  Shadow  GHS,  thofe  plains  will  alfo  cut 
the  Geometrical-plain  and  its  parallels,  by  Right-lines  parallel 
to  one  another  and  to  the  Line  GM  :  And  as  M  is  the  Acci¬ 
dental-point  of  all  thofe  parallel  Lines,  it  follows, /'j'  Theor. 
that  their  Appe^irançes  ought  to  cdncür  in  thé  point  M. 

VIII. 

The  Shadow  which  the  faid  line  GP  calls  on  the  plain  of  the 
Pidure,  is  parallel  to  TM,  or  perpendicular  to  the  Ground- 
line  AB  ;  and  generally  the  Appearance  which  the  Shadow 
of  a  Perpendicular  to  the  Georhetrical-plain,  makes  on  the 
Pifture  and  all  its  parallel  Plains  is  perpendicular  to  the 
Ground-line  AB  ;  becaufe  the  plain  of  Light  GHS  cutting 
NOGH  the  plain  in  Front  by  the  line  Gtl,  which  is  perpen¬ 
dicular  to  the  Geometrical-plain,  will  cut  all  the  other  Plains 
in  Fronts  that  is,  the  Figure  and  its  parallel  Plains  by  Lines  pa- 

ralkl 
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rallel  to  GH,  and  confequeitdy  perpendicular  to  the  Geo- 
metrical-plain:  And  likewife  thofe  plains  in  Front  will  be 
cut  by  other  plains  of  Light  parallel  to  the  plain  GHS,  by 
Lines  alfo  perpendicular  to  the  Geometrical  Plain,  whofe 
Appearances  muft,  by  Thearem  7.  be  perpendicular  to  the 
Groqnd-line  AB. 

IX. 

The  Appearance  of  the  Shadow  which  the  Paid  GP,  and 
Its  parallels  càft  upon  the  Vertical-plain,  or  upon  its  parallels, 
is  perpendicular  to  the  Ground-line  AB,  becaufe  the  plain 
of  Light  GHS  cutting  the  Vertical-plain  GVQP,  by  the 
line  GP,  which  is  perpendicular  to  the  Vertical-plain  ;  will 
alfo  cut  all  the  other  Plains  of  Profil^  (that  is,  all  the  plains 
parallel  to  the  Vertical-plain)  by  lines  parallel  to  GP  ;  as  alfo 
all  the  plains  of  Light,  parallel  to  the  plain  of  Shadow  GJfS, 
will  cut  the  Vertical-plain  and  all  the  Plains  of  Profil,  by 
Lilies  parallel  to  one  another,  and  to  the  line  GP,  and  confe- 
quently  perpendicular  to  the  Geometrical-plain,  whofe  Ap¬ 
pearances,  by  Theorem  7,  are  perpendicular  to  the  Ground¬ 
line  AB. 

Thus  you  fee.  That  when  the  Sun  is  out  of  the  Plain  of 
the  Pifture  ABCD,  the  Appearance  of  the  Shadow  which  a 
Line  perpendicular  to  the  Plain  of  the  Pifture,  as  GV,  cafts 
upon  the  faid  Pifture  or  its  parallels,  and  upon  the  Geome¬ 
trical  Plain  ABCE,  or  its  parallels  ;  and  upon  the  Vertical- 
plain  or  its  parallels,  tends  to  the  principal  Point  V. 

That  the  Appearance  of  the  Shadow  w^hich  a  Line  perpen¬ 
dicular  to  the  Vertical-plain  VG  PQ,  as  GO,  cafts  upon  the 
Geometrical-plain  ABEF,  or  its  parallels,  is  parallel  to  the 
Ground-line  AB  ;  as  alfo  of  that  which  it  cafts  upon  the  Picture 
ABCD,  or  its  parallels  :  And  the  Appearance  of  the  Shadow  of 
which  it  cafts  upon  the  Vertical-plain,  or  upon  the  Plains  of 
Profil,  tends  to  I  the  point  of  Inclination  of  the  Rays  of  the  Sun. 

And  laftly,  That  the  Appearance  of  the  Shadow  of  a  Line 
perpendicular  to  the  Geometrical-plain  ABEF,  as  GP,  cafts 
upon  the  faid  Plain  or  its  parallels,  tends  to  M,  the  point  of 
Declination  of  the  Rays'of  the  Sun  :  And  the  Appearance  of 
that  which  it  cafts  upon  a  plain  in  Front  or  the  plain  of  the 
Pifture  ABCD  ;  and  alfo  upon  the  Vertical-plain  or  a  Plain 
of  Pfofil,  is  perpendicular  to  the  Ground-line  AB. 

Rules  for  the  Shadows ^  when  the  Sun  is  jupposd  in 
the  F'ertical  Thin  and  the  Plain  oj  the  TiBure, 

SINCE  the  Sun  S  is  fuppos’d  to  be  in  the  Plfture  ABCD, 
and  in  the  Vertical-plain  VGPQ,  it  mqft  be  necc(%ily 
in  û\G 'Zenith,  and  then  it  wiH  happen,  that  The 
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X. 

The  Appearance  of  the  Shadow  which  a  Right-line  per¬ 
pendicular  to  the  Pifture,  cafts  either  upon  tlmt  plain  or  its 
parallels  will  be  Infinite  perpendicularly  downwards  ;  that 
is,  perpendicular  to  the  Ground-line:  It  being  certain,  that 
the  Shadow'  which  the  principal  RayVG,  which  is  perpendi¬ 
cular  to  the  Pifture  ABCD,  cafts  upon  the  faid  Pifture,  is  the 
Infinite  Line  VQ,  w'hich  being  perpendicular  to  the  Geome- 
tricahplain  ABEF,  its  Appearance  in  the  Pi£lure  muft,  hy 
Theorem  7.  be  perpendicular  to  the  Ground-line  AB. 

XI. 

The  Appearance  of  the  Shadow  which  a  Right-line  per¬ 
pendicular  to  the  Plain  of  the  Pifture,  makes  upon  the 
Vertical-plain  or  its  parallels,  is  a  Surface  which  extends  it 
felf  perpendicularly  dow^nwards  ad  infinitum  from  that  Per¬ 
pendicular,  whofe  apparent  Breadth  is  equal  to  the  apparent 
Length  of  the  faid  perpendicular  :  It  being  certain  that  the 
Shadow  which  VG  the  principal  Ray,  which  is  perpendi¬ 
cular  to  the  Pifbure  ABCD,  fliou’d  caftupon  the  Vertical- 
plain  VGPQ,  wou’d  cover  it  ad  infinitum  by  the  Breadth 
VG,  from  VG  perpendicularly  downw^ards. 

XIL 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Picture  cafts  upon  the  Geometrical-plain,  and 
its  parallels,  Ends  at  the  point  of  Sight  :  It  being  certain 
that  the  Shadow  which  the  principal  Ray  VG,  w^hich  is  per¬ 
pendicular  to  the  Pifture  ABCD  fhou*d  make  upon  the  Geo¬ 
metrical-plain  ABEF,  wou^d  be  PQ,  w’hich  being  perpen¬ 
dicular  to  the  Picture,  its  Appearance  in  the  Picture  muft, 
hj  Theorem  8.  End  in  the  principal  Point  V. 

XIII. 

The  Appearance  of  the  Shadow^  which  a  Line  perpendicu¬ 
lar  to  the  Vertical-plain,  throws  upon  the  Geometrical-plain 
and  its  Parallels,  is  parallel  to  the  Groun.d-line  :  It  being  cer¬ 
tain  that  the  Shadow  which  the  line  GO, which  is  perpendicu¬ 
lar  to  the  Vertical-plain  VGPQfhou’d  caft  upon  the  Geome¬ 
trical-plain  ABEF,  wouM  be  NH,  which  '  being  perpendi¬ 
cular  to  the  Pifture  ABCD  its  Appearance  in  the  Pifture 
muft,  hy  Theorem  7.  be  parallel  to  the  Ground-line  AB. 

XIV. 

The  Appearance  of  the  Shadow  which  a  Line  perpen¬ 
dicular  to  the  Vertical-plain,  cafts  upon  the  Plain  in  Front, 

(  in 
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(in  which  it  is)  is  a  Surface  continu’d  perpendicularly  down¬ 
wards  ad  infinitum,  whofe  apparent  Breadth  is  equal  to  the 
apparent  Length  of  the  faid  Perpendicular  :  it  being  certain 
that  the  Shadow,  which  the  line  GO,  perpendicular  to  the 
Vertical-plain  VGPQ,  fliou’d  caft  upon  the  plain  NOGH, 
in  which  it  is,  wou  d  be  infinite  perpendicularly  down¬ 
wards  from  OG,  having  OG  for  its  Breadth, 

XV. 

The  'Appearance  of  the  Shadow  which  a  Line  perpendi¬ 
cular  to  the  Vertical-plain,  cafts  upon  that  Plain,  and  it^ 
Parallels,  is  perpendicular  to  the  Ground-line  :  it  being  cer¬ 
tain  that  the  Shadow  which  the  line  GO,  which  is  perpendi¬ 
cular  to  the  Vertical-plain  VGPQ,  (hou’d  call:  upon  that 
plain,  wou’d  be  GP,  which  being  perpendicular  to  the  Geo¬ 
metrical-plain  ABEF,  its  Appearance  muft,  hy  Theorem  7.  be 
perpendicular  to  the  Ground-line  AB. 

XVI. 

The  Appearance  of  the  Shadow  which  a  Line  perpendi¬ 
cular  to  the  Geometrical-plain,  calls  upon  that  plain  and  its 
parallels  is  a  Point,  viz.  the  Appearance  of  the  Point,  where 
that  Line  meets  the  plain  to  which  it  is  perpendicular  ;  It 
being  certain,  that  the  Shadow  which  the  line  GP,  which  is 
perpendicular  to  the  Geometrical-plain  ABEF,  Ihou’d  calf 
upon  that  plain  wou’d  be  the  point  P,  where  it  cuts  the  faid 
plain. 

XVIL  -  ’ 

The  Appearance  of  the  Shadow  which  a  Line  perpendi¬ 
cular  to  the  Geometrical-plain,  cafts  upon'a  Plain  in  Fioat, 
is  perpendicular  to  the  Ground-line  ;  It  being  certain,  that 
the  Shadow  which  the  line  GP,  which  is  perpendicular  to 
the  GeometHcal-plain  ABEF,  fiiou’d  caft  upon  the  Plain  in 
Front  NOGH,  in  which  icis,  wou’d  be  the  fame  Line  it  fcif; 
and  that  which  it  Ihou’d  caft  upon  another  Plain  in  Front, 
wou’d  be  parallel  to  the  faid  Line,  hy  16.  it,  and  confe- 
quently  perpendicular  to  the  Geometrical-plain  ABEF  ; . 
wherefore  by  Theorem  7,  its  Appearance  in  the  Picture  muft 
be  perpendicular  to  the  Ground-line  AB. 

XVIIL 

The  Appearance  of  the  Shadow  which  a  Line  perpendi¬ 
cular  to  the  Geomcrrical-plain,  cafts  upon  the  plain  of  Profil 
in  which  it  is,  is  the  Appearance  of  the  fame  continued 
downwards  from  the  Sun  ad  infinitum,  and  is  confequently 
perpendicular  to  the  Ground-line  AB  :  Tt  being  certain,  that 
the  Shadow  w’hich  the  line  GP  perpendicular  to  the  Geome* 

'  trical 
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trical-plaln  ABEF ,  IKouM  caft  upon  the  Verticaî-plaîn 
VGPQin  \yhich  it  is,  wou’d  only  be  the  fame  line  GP  con¬ 
tinu’d  downwards  ad  infinitum  ;  which  confequently  being 
pcrpendicplar  to  the  Geometrical-plain  ABEF,  wou’d,  hy  Tke^ 
arem  7.  have  its  Appearance  in  the  Pifture  perpendicular  to 
the  Ground-line  AB. 

Thus  you  may  fee,  That  when  the  Sun  is  in  the  Zenith^ 
the  Appearance  of  the  Shadow  which  a  Line  perpendicular  to 
the  Pitbure,  as  VG,  calls  upon  a  Plain  in  Front,  is  perpen¬ 
dicular  to  the  Ground-line  ;  And  of  that  which  it  calls  upon 
aPlain  of  Profil  is  an  infiniteSurface,  which  extends  it  felf  per¬ 
pendicularly  downwards, and  whofe  apparent  Breadth  is  equal 
to  the  apparent  Length  of  that  Perpendicular;  And  of  that 
which  it  cads  upon  the  Geometrical-plain,  or  its  Parallels 
ends  in  the  Point  of  Sight. 

That  the  Appearance  of  the  Shadow  which  a  Line  perpen¬ 
dicular  to  the  Vertical-plain  cads  upon  the  Geometrical,  or 
its  Parallels,  is  parallel  to  the  Ground-line  :  And  of  that 
which  it  cads  upon  a  Plain  of  Profil  is  perpendicular  to  the 
Ground-line  :  And  of  that  which  it  cads  upon  the  Plain  ir| 
Front  in  which  it  is,  is  an  Infinite  Surface  which  extends  it 
felf  perpendicularly  downwards,  whofe  apparent  Breadth  is 
equal  to  the  apparent  Length  of  that  Perpendicular. 

And  Ladly,  That  the  Appearance,  which  the  Shadow  of  a 
Line  perpendicular  to  the  Geometrical-plain  cads  upon  that 
Plain,  or  its  Parallels  is  a  Point;  And  upon  a  Plain  in  Front, 
and  a  Plain  of  Profil,  in  which  the  faid  Line  is,  it  is  perpen* 
dicular  to  the  Ground-line. 

Rules  for  the  Shadows^  wheu  the  Sun  is  in  the  Thin 
of  the  Ti&ure^  and  out  of  the  Vertical  Thin. 

WE  diall  here  fuppofe  the  Angle  VTX  to  be  equal  to 
the  Height  of  the’ Sun  above  the  Horizon,  in  fuch 
manner  that  TU  may  he  the  Sun’s  Ray,  which  will  deter¬ 
mine  the  Height  of  the  Sun  :  And  then  it  will  happen,  that 

XIX. 

The  Appearance  of  the  Shadow  which  a  Line  perpendicu¬ 
lar  to  the  Piflure  cads  upon  the  Plain  in  Front,  ends  in  the 
Point  of  Sight:  It  being  certain,  that  the  Shadow  which  the 
principal  Ray  VG,  which  is  perpendicular  to  the  Plain  of 
the  Pi£lure  ABCD,  cads  upon  that  Plain  is  the  Line  TV 
continu’d  ad  infinitum  from  the  principal  Point  V  ;  and  that 
the  Shadow  which  the  faid  Line  GV,  or  its  Parallels  cads 
upon  the  Plains  in  Front,  goes  on  ad  infinitum,  and  is  p^rall^l 

to 
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to  the  Line  TV  ;  whence,  by  Thedrem  8.  the  Appearance  of  all  p  i  . 
thofe  parallel  Shadows  tends  to  the  principal  Point  V,  which  V  ^ 
is  their  Accidental-point. 

XX. 

The  Appearance  of  theShadow  which  a  line  perpendicular 
to  the  Plain  of  the  Figure,  cafts  upon  the  Gebmetrical-plain  or 
its  Parallels,  ends  in  the  Point  of  Sight  :  It  being  certain,  that 
Shadow  which  the  principal  Ray  VG,  which  is  perpendicu¬ 
lar  to.  the  Picture  ABCD,  cafts  upon  the  Geometrical-plain 
ABEF,  is  equal  to  it,  and  perpendicular  to  the  Ground-lin© 

AB,  wherefore,  by  Theorem  8.  the  Appearance  of  that  Shadow 
tends  to  the  principal  Point  V,  as  well  as  the  Appearance  of 
the  Shadow  of  all  the  ocher  Lines,  which  are  perpendicular 
to  the  Piilure. 

XXL 

/ 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Pidure,  cafts  upon  a  Plain  of  Profil,  ends  in  the 
Point  of  Sight  :  It  being  certain,  that  the  Shadow  which  the 
principal  Ray  VG,  which  is  perpendicular  to  the  Pidure 
ABCD,  cafts  upon  a  Plain  of  Profil  as, /or  Example^  upon  the 
Plain  TNOM,  is  a  Line  equal  and  parallel  to  VG,  and,con- 
fequently  perpendicular  to  the  Pidure  ABCD  ;  wherefore, 
by  Theorem  8.  the  Appearance  of  that  Shadow  muft  end  in  the 
principal  Point  V. 

XXII.  1 

*  i 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Vertical-plain,  cafts  upon  the  Geometrical-plain, 
and  its  Parallels,  is  parallel  to  the  Ground-line  :  It  being 
certain  that  the  Shadow  which  the  line  GO,  which  is  per¬ 
pendicular  to  the  Vertical-plain  VGPQ,  cafts  upon  the  Geo¬ 
metrical-plain  ABEF  and  its  Parallels,  is  a  line  equal  and  pa¬ 
rallel  to  GOj  and  confequently  parallel  to  the  Ground-line 
ÀB  ;  whence,  by  Theorem.  7.  the  Appearance  of  fuch  a  Shadow 
is  alfo  parallel  to  the  Ground-line  AB. 


XXIII. 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Vertical-plain,  cafts  upon  the  Plain  in  Front,  iri 
which  it  is,  is  a  Surface,  whofe  Length  is  Infinite,  and  whofe 
Breadth  is  terminated  on  either  fide  by  Rays  parallel  to  that 
Plain  which  determines  the  Height  of  the  Sun  above  the  Ho¬ 
rizon:  It  being  certain,  that  the  Shadow  which  the  line 
GO,  which  is  perpendicular  to  the  Vertical-plain  VGPQ, 
cafts  upon  the  Plain  in  Front  NOGH,  in  which  it  is,  is  an 
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5-»  Infinite  Surface  terminated  by  Two  Rays  parallel  to  the  Ray 
ffi  *  VT,  which  determines  the  Height  of  the  Sun  above  the 
Horizon. 

XXIV. 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Vertical-plain  ,  cafts  upon  a  Plain  of  Profil,  is 
perpendicular  to  the  Ground-line  :  It  being  certain,  that  the 
Shadow  which  the  line  GO,  which  is  perpendicular  to  the 
Vertical-plain  VGPQ  cafts  upon  a  Plain  of  Profil,  as  upon  the 

ain  TNOMj  which  it  touches  at  the  point  O,  is  the  line 
t)N,  which  being  perpendicular  to  the  Geometrical-plain 
ABÉF»  its  Apearance  in  the  Pifture  muft,  by  Theor.  7.  be  per¬ 
pendicular  to  the  Ground-line  AB« 

XXV. 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  to  the  Geometrical-plain,  ^afts  upon  that  Plain  or  its 
Parallels,  is  parallel  to  the  Ground-line  :  It  being  certain,  that 
the  Shadow  which  the  line  GH,  which  is  perpendicular  to  the 
Geometrical-plain  ABEF,  cafts  upon  the  plain  TNHI,  which 
is  parallel  to  the  Geometrical-plain,  is  parallel  to  the  Ground- 
line  AB  ;  whence, ij'  Theor.  7.  the  Appearance  of  that  Shado# 
is  alfo  parallel  to  the  Ground-line  AB. 

XXVI. 

The  Appearance  of  the  Shadow,  whi.ch  a  Line  perpendicu¬ 
lar  to  the  Geometrical-plain,  cafts  upon  the  Plain  in  Front,  in 
which  it  isjis  an  Infinite  Surface  terminated  fas  to  its  Breadth) 
by  Two  Rays  parallel  to  that  Ray  of  the  Sun  which  deter- 
inines  its  Height  above  the  Horizon  :  It  being  certain,  that 
the  Shadow  which  the  line  GH,  which  is  perpendicular*to 
the  Geometrical-plain  ABEF,  cafts  upon  the  Plain  in  Front, 
NOGH,  in  which  it  is,  is  an  Infinite  Surface  terminated  by 
Two  Infinite  Parallels,  one  of  which,  as  GN,  is  parallel  to  the 
Ray  TV|  which  determines  the  Height  of  the  Sun  above  the 
Horizon. 

XXVII. 

The  Appearance  of  the  Shadow,  which  a  Line  perpendi¬ 
cular  tothe  Geometrical-plain,  cafts  upon  a  Plain  of  Pro¬ 
fil,  is  perpendicular  to  the  Ground-line  ;  It  being  certain,  that 
the  Shadow  which  rhe  line  GH,  which  is  perpendicular  to 
the  Geometrical- plain  ABEF,  Ihou  d  caft  upon  the  Plain  of 
Profil  TNOM,  wou’d  be  a  Line  equal  and  parallel  to  GH,  and 
confequcntly  perpendicular  to  the  Geometrical-plain  ABÉE  ; 
whence,  by  Theor!  7.  the  Appearance  of  the  Shadow  of  fuch  a 
Line  is  perpendicular  co  rhe  Groimd-line  AB.  Thus 


/ 


« 
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Thus  you  fee.  That  whta  the  Sun  is  in  the  Plain  of  the 
Pi£lure  and  out  of  the  Vertical-plain,  the  Appearance  of  the  . 
Shadow  which  a  Line  perpendicular  to  the  PiÔure,  as  G  V,  ^4- 
calls  Upon  a  Plain  in  Front  ;  or  upon  a  Geometrical-plain,  or 
its  Parallels  ;  or  upon  a  Plain  of  Profil,  ends  in  the  Point  of 
Sight. 

That  the  Appearance  of  the  Shadow,  which  a  Line  perpen¬ 
dicular  to  the  Vertical-plain,  as  GO,  calls  upon  the  Geome¬ 
trical-plain,  or  its  Parallels,  is  parallel  to  the  Ground-line  .* 

And  of  that  which  it  calls  upon  a  Plain  of  Profil,  is  perpen¬ 
dicular  to  the  Ground-line  :  And  the  Appearance  of  that 
which  it  calls  upon  a  Plain  in  Front,  is  a  Surface  of  Infinite 
Length,  whofe  Breadth  is  contain’d  between  Two  Lines  pa¬ 
rallel  to  that  Ray  of  the  Sun,  which  determines  its  Height 
above  the  Horizon. 

And  lallly.  That  the  Appearance  of  the  Shadow,  which  a 
Line  perpendicular  to  the  Geometrical-plain,  calls  upon  that 
Plain,  or  its  Parallels,  is  parallel  to  the  Ground-line  ;  And 
of  that  which  it  calls  upon  a  Plain  of  Profil,  is  perpendicular 
to  the  Ground-line  :  and  the  Appearance  of  that  which  it  calls  \ 
upon  that  Plain  in  Front  in  which  it  is,  is  a  Surface  of  an  In¬ 
finite  Length,  contain’d  between  Two  Lines  parallel  to  that 
Ray  of  the  Sun,  which  determines  its  Height  above  the  Ho¬ 
rizon. 


Tie  TraSiiJe  of  what  has  been  [aid  concerning  • 

Shadows. 

TO  come  to  the  Pra£life,  you  mull  have  in  the  Pi£lure  , 
Four  chief  Points,  the  principal  Point  V,  upon  the 
Horizontal-line  DD  ;  the  point  M,  on  the  Right,  or  on  the 
Left  of  the  Line  of  Declination  of  the  Rays  of  the  Sun,  nearer 
to  or  farther  from  the  Point  of  Sight  V,  according  as  the 
Sun  declines  more  or  lefs  on  the  Right  or  Left  of  the  Vertical- 
plain  ;  and  upon  the  Vertical  Line  VQ.  the  Point  I,  of  the 
Inclination  of  the  Rays  of  the  Sun,  above  or  below  the  Ho¬ 
rizontal  Line  DD,  and  néarer  to,  or  farther  from  it,  accord¬ 
ing  as  the  Sun  will  be  before  or  behind  the  Picture,  and 
higher  or  lower  above  the  Horizon;  and  lallly,  the  point  T 
of  the  place  of  the  Sun  in  the  Pi£lure,  which  is  alfo  calfd  the 
Foinf  of  Concottrfe  of  the  Rays  of  the  Sun  ;  becaufe  the  Rays  of 
the  Sun  being  fuppos’d  parallel  to  one  another,  that  point  T 
where  the  Picture  is  cut  by  a  Ray  drawn  from  the  Center  of 
iheSun,  and  thro’  the  Eycj  is  their  Accidental-point,  where 
their  Appearance  mull  concur,  by  Theorem  S,  This  point  T,  . 
will  be  found  upon  the  line  MT  perpendicular  to  the  Hori- 
aontal-line  DD,  or  to  the  Ground-line  AB,  and  equal  to  VI, 

or 
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PUteS'i^  or  by  drawing  from  the  point  I,  the  line  IT  parallel  to  the 
5  5  •  Horizontal-line  DD. 

Thefe  Four  Points  fuppofe  the  Sun  to  be  out  of  the  Ver¬ 
tical-plain,  and  out  of  the  plain  of  the  Pifture  ;  for  when  it 
‘  is  out  of  the  plain  of  the  Picture  ,  and  in  the  Vertical-plain, 
you  need  only  have  Two  points  V,  I,  becaufe  in  fuch  a  Cafe 
the  Sun  will  not  decline  from  that  Plain  :  And  when  the  Sun 
is  fuppos’d  in  the  plain  of  the  Pifture,  you  need  only  have 
the  point  V,  and  the  line  VT,  which  is  call’d  the  Line  of  the 
inclination  of  the  Rays  of  the  Smiy  becaufe  it  makes  with  the 
Horizontal-line  DD,  the  Angle  MUT  which  fliews  the 
Height  of  the  Sun  above  the  Horizon. 

By  means  of  thefe  Points  and  the  foregoing  Rules,  it  is 
eafy  to  find  upon  one  of  thofe  Three  Plains  which  we  have 
chiefly  confider’d,  the  Geometrical-plain,  and  its  Par¬ 
allels,  the  Plain  of  the  Pifture  and  its  Parallels  or  the  Plains 
in  Front,  and  the  Vertical-plain  and  its  Parallels,  or  the  Plains 
of  Profil)  the  Appearance  of  the  Shadows  of  the  Bodies  put 
in  Perfpeâive;  having  found  the  Appearances  of  the  Sha- 
'  dow  of  every  Line  that  contains  the  faid  Shadows  ;  which 
may  be  done  by  finding  the  Appearance  of  the  higheft  or 
eminent  Point  of  all  thofe  Lines,  which  are  the  bounds  of 
the  Bodies  whofe  Shadow  you  wou’d  reprefent. 

As  for  Example,  If  you  w’ou’d  upon  the  Geometrical-plain 
'  find  the  Appearance  of  the  point  C,  which  anfwers  perpen¬ 
dicularly  to  the  point  E  upon  the  Geometrical-plain  ;  draw 
thro’  that  point  E,  from  M  the  Point  of  the  Declination  of 
the  Rays  of  the  Sun,  the  line  EF,  which  by  Rule  7.  wnll  be 
the  Shadow  of  the  line  CE,  which  is  perpendicular  to  the 
^  Geometrical- plain,  and  that  Shadow  will  be  terminated  at  F*. 
'  which  will  confequently  be  the  Shadow  of  the  pro'pos’c! 
Point  C,  drawing  thro’  that  point  C,  from  T  the  Point  of 
concourfe  of  the  Sun’s  Rays,  or  from  the  place  of  the  Sun 
in  the  Piflure,  the  Ray  TC!^F.  We  ihall  explain  this  more 
particularly  in  the  following  Operations. 

OPERATION  XXIV. 


jflow  to  find  the  appear  met  of  the  Shadow  of  a  Right 
line  ptu  in  TerfpeBive,  and  perpendicular  to  the 
Geometrical-plain,  or  to  the  Fixture,  or  to  the  Verti¬ 
cal  plain  upon  one  of  the  faid  Plains ,  or  its  Parallels^ 
when  the  Sun  is  out  of  the  Flam  of  the  FiBure. 


WE  Ihall  here  fuppofe  T  to  be  the  place  of  the  Sun  in 
the  Pifture,  where  all  its  parallel  Ray«  concur;  M 
CO  be  the  point  of  Declination  of  its  Rays  upon  the  Horizon¬ 
tal- 
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line  DD  ;  and  I  the  point  of  Inclination  of  the  faM  Rays, 
upon  the  Vertical  Line  VQ,  which  we  will  always  mark  . 
with  the  fame  Letters,  that  wc  may  not  be  oblig’d  to  fay  55* 
the  fame  things  over  again. 

This  being  fuppos  a,  you  muft  from  the  Point  where  the 
Line  propos’d  curs  one  of  the  Plains  draw  the  Line  direBing 
the  Shadow^  which  muft  ferve  for  the  Appearance  of  the 
Shadow  of  the  Line  propos’d  ;  and  as  often  as  that  Line  di- 
refting  the  Shadow  meets  with  any  of  the  faid  Plains,  con¬ 
tinue  the  Line  of  Shadow  from  the  placé  where  it  firft  falls 
upon  the  new  Plain,  along  that  Plain,  according  to  the 
foregoing  Rules,  and  terminate  this  Line  of  Shadow  by 
the  interfeéliion  of  a  Ray  drawn  from  the  point  T  thro’  the 
other  end  of  the  Line  propos’d. 

To  find,  ÊJC.  upon  the  Geometrical-plain  the  Appear¬ 
ance  of  the  Shadow  of  the  Line  CE,  which  is  perpendicular 
to  the  faid  Plain  ;  draw  thro’  the  point  E  where  it  meets  the 
Geometrical-plain,  and  thro’ M  the  point  of  Declination  of 
the  Rays  of  the  Sun,  the  Line  of  Shadow  EF,  which  you 
muft  terminate  at  F,  by  the' Ray  TF,  drawn  from  the  place 
of  the  Sim  in  the  Piflure  T,  thro’  the  End  C,  of  the  Line 
propos’d  CE,  whofe  fhadow  u[)on  the  Geometrical-plaint 
muft  confequently  be  EF, 

Likewifç  to  find  upon  the  faid  Geometrical-plain  the  Appear¬ 
ance  of  the  Shadow  of  the  Line  GH  which  meets  it  at  Right 
Angles  at  the  point  H;  draw  thro*  chat  point  H,  and  rhro’  the 
point  M,  the  Line  of  Shadow  HL,  and  terminate  it  at  L  by  the 
Ray  TL,  drawn  from  the  Point  T,  thro’  the  End  G  of  the 
line  GH,  fo  that  the  line  HL  will  be  the  Shadow  of  the  line 
GH,  and  the  line  LF,  confequently  the  Shadow  of  the  line 
GC  which  being  the  Appearance  of  a  Line  perpendicular  t6 
the  Pifture,  the  Appearance  FL  of  its  Shadow  muft  tend 
to  the  principal  Point  Vj  by  Rule  2.  whence  may  be  drawn 
fome  fhorter  Method  for  Practice. 

To  find  upon  the  Geometrical-plain,  and  upon  the  Plain 
of  Profil  PR  of  the  folid  Parallelepipedon  BQ,  tfie  Appear¬ 
ance  of  the  Shadow  of  the  line  NO,  which  is  perpendicular 
to  the  Geometrical-plain  ;  draw  thro’  the  point  N,  where 
that.  Line  cuts  the  Geometrical-plain,  and  thro’  M  the  point 
of  Declination  of  the  Sun’s  Rays,  the  Line  direfting  the 
Shadow  NP,  and  from  the  point  P,  where  this  Line  meets 
the  plain  of  Profil,  raife  upon  the  faid  Plain  the  line  PR 
perpendicular  to  the  Geometrical-plain,  which  you  muft 
terminate  at  R  by  the  Ray  TR  drawn  from  T  the  place  of  the 
Sun  in  thé  Pifture,  thro’  the  end  O  of  the  Line  propos’d 
NO,  and  the  point  R  will  be  the  Shadow  of  the  point  C[, 
which  muft  terminate  that  of  the  line  NO;  fo  that  dite 
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PUte  33.  Shadow  of  the  line  NO  will  be  made  up  of  the  part  NP  tipon 
SI*  the  Geometrical-plain,  and  the  part  PR  upon  the  Plain  of 
Prohl. 

To  find  upon  that  Plain  of  Profil  KS  the  Appearance  of 
the  Shadow  of  the  line  12,  which  cuts  it  at  Right  Angles  at 
the  point  2,  draw  thro’  that  point  2,  and  thro’  I  the  point  of 
Inclination  of  the  Rays  of  the  Sun,  the  Shadow^  2Z,  which 
you  muft  terminate  at  Z,  by  drawing  from  T  the  Point  of 
the  Sun’s  place  in  the  Figure,  thro*  the  end  i  of  the  Line 
propos’d  12,  the  Ray  TZ,  and  the  point  Z  will  be  the 
Shadow  of  that  End  i,  and  the  line  2Z  will  be  the  Shadow 
of  die  line  LN,  upon  the  Plain  of  Profil  KS  ;  and  fo  of  the 
reR. 

OPERATION  XXV. 

How  to  find  upon  an  Inclin'd  Vlain  the  Appearance  of 
the  Shadow  of  a  point  rais'd  above  the  GeometricaU 
plain  when  the  Sun  is  out  of  the  flam  of  the  FiSure. 

TO  find  upon  the  Inclin’d  Plain  CEFG,  which  cuts  the 
Geometrical-plain  in  the  line  CE,  the  Appearance  of 
the  Shadow  of  the  point  Q,  whofe  Situation  is  R,  raife  the 
Two  Plains  of  Profil  CENO,  AHKL,  at  whp  diftance  you 
pleafe  from  one  another,  and  from  the  Inclin’d  Plain  CEFG, 
5^-  ih  that  they  may  cut  it,  in  fuch  manner  that  the  Seftion  may 
be  {for  Example)  CE,  FG.  Draw  from  M  the  point  of  the 
Declination  of  the  Sun’s  Rays  thro’  the  point  R,  the  line 
MR,  which  being  produc’d  will  give  here  upon  the  line  CE 
the  point  Y,  and  upon  the*  line 'AH  the  point  X,  which  not 
being  in  the  Inclin’d  Plain  CEFG,  you  muft  from  it  raife  the 
perpendicular  X2,  which  will  upon  the  common  Seftion  FG, 
give  the  point  2,  thro*  which  and  thro’  the  point  Y,  you 
muft  draw  the  line  Y2,  which  will  be  the  line  dire&ing  the 
Shadow  of  the  line  QR  upon  the  Inclin’d  Plaiu  CEFGî 
Wherefore,  if  thro’  the  given  point  Qj  and  T  the  place  of 
the  Sun  in  the  Pifture,  the  Ray  TZ  be  drawn,  you  will  have 
at  Z  upon  the  Y2,  (which  is  upon  the  Inclin’d  Plain  CEFG} 
-the  Appearance  of  the  Shadow  of  the  propos’d  Point  Q- 

SCHOLIUM. 

It  is  plain,  That  if  the  line  MR  did  not  meet  the  Bales 
AH,  CÉ,  of  the  Plains  of  Profil  AHKL,  CENO,  or  if  the 
Ray  TQdid  not  meet  the  line  Y2  which  direOrs  the  Shadow^ 
the  Shadow  of  the  point  Q  wou’d  not  fall  upon  the  Inclin'd 
fUm  CEFG. 
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V  Of  Shadows.  6  7 

ÎC  is  aho  evident,  That  the  point  S  which  is  determin’d  . 
by  the  Ray  TP,  upon  the  line  MR  produc’d,  is  the  Appear- 1.. 
ance  of  the  Shadow  of  the  point  -P  upon  the  Geometrical- 
plain  ;  and  the  line  SY  the  Appearance  of  the  Shadow  of 
part  of  the  line  PQ  upon  the  Geometrical-plain,  as  the  line 
YZ  is  the  Appearance  of  the  Shadow  of  part  of  the  faid  line 
PQupon  the  Inclin’d  Plain  CEFG.  I  faid  Part^  becaufe  the 
Appearance  of  the  Shadow  of  the  point  P  falls  out  of  the 
Inclin’d  Plain  CEFG,  fince  the  Ray  TP  cuts  the  line  YS  out 
of  that  Plain. 

Laftly,  it  is  evident,  That  by  means  of  this  and  the  fore¬ 
going  Operation,  One  may  eafily  find  the  Appearance  of  a 
Line  Inclin’d,  or  Perpendicular  ;  of  a  Right  or  Inclin’d 
Surface  ;  of  a  Body  Upright  or  Inclin’d  to  the  Horizon  upon 
any  Plain,  having  only  the  Situation  of  that  Line,  or  Sur¬ 
face,  or  Body  ;  for  by  means  of  thofe  Situations  you  may 
find  the  Appearances  of  the  Lines,  (whether  Right  or  Curve, 
Perpendicular  to  the  Horizon,  or  Inclin’d,  in  the  Air,  or 
refting  on  apy  Body)  and  confequently  of  the  Surface^ 
bounded  by  thofe  Lines,  and  of  the  Bodies  bounded  by  the  , 
Surfaces  j  even  tho*  the  Sun  fliou’d  be  in  the  Plain  of  the 
Piflure  ;  tho’  in  fuch  a  Cafe  the  points  M,  T,  I,  vanifii,  as, 
we  (hall  fhew  more  particularly  by  fome  Examples  in  the 
in  the  following  Operations. 

OPERATION  XXVi: 

jFIow  to  find  the  Appearance  of  the  Shadow  of  a  Body  , 
on  the  Geometrical-plain^  when  the  Sun  is  in  the 
Tlain  of  the  TiBure, 

TO  find  the  Appearance  of  the  Shadow  of  the  Pyramid  . 

FGMC,  whofe  Vertex  G  has  its  Situation  at  the  point 
O,  draw  thro’  that  point  O  rhe  line  OE,  parallel  to  the 
Ground-line  i^B,  and  thro’  the  Vertex  C  the  line  CE  parallel  * 
to  the  Ray  of  the  Sun  which  determines  its  Height  above 
the  Horizon  ;  and  the  point  E,  where  that  line  CE  meets  the 
parallel  OE,  will  be  the  Appearance  of  the  Shadow  of  the 
Vertex  C,  upon  the  Geometrical-plain  ;  and  then  you  .need 
only  joyn  EF,  which  will  reprefent  the  Shadow  of  the  In¬ 
clin’d  Line  CF  ;  and  likewifeEG,  which  will  be  the  Appear¬ 
ance  of  the  Shadow  of  the  Inclin’d  Line  CG,  &i:. 

To  find  the  Appearance  of  the  Shadow  of  the  Pyramid 
5,  6f  7,8,  lo,  which  ftarids  upon  its  Vertex  10,  and  whofe 
Situation  is  1,2,  3,  4,  which  anfwers  perpendicularly  toits 
Bâfc  S^,  <5,  7iBj  you'  muR  draw  from  all  the  Angles,  Lines 
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Plate  34.  parallel  to  the  Ground-line  AB,  and  from  the  Angles  of  the 
57-  Bafe  5,  6,  7,  8,  which  is  up  in  the  Air,  Rays  parallel  to  that 
which  determines  the  Sun’s  Height  above  the  Horizon,  andi 
by  the  Interfeftion  of  thofe  Lines  yoü  will  have  the  Appear¬ 
ance  of  the  Shadow  of  the  Bafe  5,  6,  7,  8  ;  wherefore  you 
mufl:  draw  from  all.  the  Points  of  that  Shadow  to  the  Vertex 
10,  which  touches  the  Geometrical-plain,  Right-lines  which 
,  WÛI1  reprefent  the  Shadow  of  the  fides  of  the  Pyramid?  and 
the  Work  is  done. 

Likewife  to  find  upon  the  Geometrical-plain  the  Appear¬ 
ance  of  the  Shadow  of  the  Cube  GNHLK,  whofe  Situation 
is  the  Perfpeftive  Square  GNIK,  you  mull:  draw  from  all  the 
Angles  of  that  Situation  Parallels  to  the  Ground-line  AB,  to 
terminate  upon  them  the  Shadow  of  the  correfpondent  upper 
Parts,  drawing  from  all  their  Angles  Lines  parallel  to  the 
Ray  of  the  Sun,  which  determines  its  Height  above  the  Ho¬ 
rizon.  Thus  you  will  have  at  P,  the  Appearance  of  the 
Shadow  of  the  point  H?  and  at  Q  the  Appearance  of  the 
Shadow  of  the  point  L,  wherefore  by  joyning  the  line  PQ, 
you  will  have  the  Appearance  of  the  Shadow  of  the  Line 
HL,  and  drawing  the  line  PG,  yôu  will  have  the  Appear¬ 
ance  of  the  Shadow  of  the  line  GH,  which  touches  the 
Geometrical-plain  at  G.  And  fo  of  the  refi. 

’  SCHOLIUM. 

You  will  by  Praftice  find  out  feveral  fliort  Methods  for 
the  Reprefentation  of  thefe  Shadows  :  For  if  you  fuppofe 
the  Height  of  the  Sun  above  the  Horizon  to  be  of  45;  De¬ 
grees,  (in  which  cafe  the  Shadow  of  a  Line  perpendicular 
to  the  Geometrical-plain  will  be  equal  to  the  fame  Line}  you 
need  only  to  make  GP  equal  to  #ie  Height  GH,  to  have  at 
P  the  Appearance  of  the  Shadow  of  H,  and  likewife  the  line 
KQ  equal  to  the  Correfpondent  Height  KL,  to  have  at  Q 
the  Reprefentation  of  the  Shadow  of  the  point  L,  and  fo  of 
the  reft.  And  when  you  wou’d  have  the  Sun  to  be  more  or 
lefs  than  45;  Degrees  above  the  Horizon,  having  taken  what 
Length  you  will  for  the  Shadow  of  that  Height  which  is 
neareft  to  the  Ground-line,  you  may  diminifli  the  Shadows 
■  of  the  others  which  are  more  diftant  from  the  Ground-line, 
as  we  have  diminifh’d  thofe  Heights  in  O^er,  13. 
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Of  Shadows. 

OPERATION  XXVII. 


C9 


How  to  find  upon  the  Geometrkalplain  the  appear¬ 
ance  of  the  Shadow  of  a  Boây,  with  fuch  an  Hole 
in  it  as  to  let  the  Light  Shine  thro\  when  the  Sun 
is  in  the  Plain  of  the  Pifture, 

TO  find  upon  the  Geometrical-plain  the  Figure'1,2,3,4,  pf^te  154, 
which  is  the  Light  of  the  Sun,  which  goes  thro’  the  * 

Window  5:,  7,  9,  of  the  Wall  BCEF,  whofe  Shadow  upon 
the  Geometrical-pJain  is  BFGH,  and  EFG  upon  the  Plain 
in  Front  EFGI  ;.draw  thro’  the  point  6,  which  is  the  Situ-^ 
ation  of  the  point  5*,  the  line  6,  i,  parallel  to  the  Ground-line 
AB  ;  and  draw  thro’  the  point  5,  the  Ray  5,  which  being 
parallel  to  that  of  the  Sun  which  determines  its  Height 
above  the  Horizon,  will  upon  the  Line  in  Front  <5,  i,  give 
the  Appearance  of  the  Shadow  of  the  point  5  at  i.  Like- 
wife  draw  from  the  point  8,  which  is  the  Situation  of  the 
point  7,  the  Line  in  Front  8,  2,  which  you  muft  terminate 
at  the  point  2,  which  will  be  the  Shadow. of  the  point  7, 
drawing  thro’  that  point  7,  a  Ray  parallel  to  the  foregoing. 

And  fo  of  the  reft. 

OPERATION  XXVIII. 

How  to  reprefent  in  PerfpeElive  fuch  Shadows  as  re¬ 
ceive  the  Figures  of  the  Tlains  on  which  they  fall, 

This  fort  of  shadow  is  eafy  to  find  by  means  of  what  PUte  35, 
has  been  faid  in  Oper.  24.  wherefore  we  lhall  now  ex-  Fig,  59, 
plain  it  in  a  few  lines.  Therefore  to  find  the  Shadow  of  the 
Beam  CK  upon  the  Plain  of  Profil  EFGO  ;  let  fall  from  the 
point  H  where  the  Beam  touches  that  Plain,  the  Perpendi¬ 
cular  HI,  which  you  muft  terminate  at  I,  by  the  Ray  KI, 
drawn  from  the  end  K  thro’  the  place  of  the  Sun  in  the 
Piâiure,  (  if  the  Sun  is  out  of  the  Plain  of  the  Picture)  or 
parallel  to  the  Line  of  the'  Inclination  of  the  Rays  of  the 
Sun,  ('that  is,  the  Line  which  determines  its  Height  above 
the  Horizon)  if  it  be  in  the  Plain  of  the  Picture,  as  we 
fuppofe  it  hère,  and  the  point  I  will  be  the  Appearance 
of  the  Shadow  of  the  point  K  upon  the  Plain  of  Profil 
EFGO,  drr. 

To  find  tlie  Shadow  of  the  Solid  LM  upon  the  Steps  on  the 
fide  of  it,  you  muft  firft  mark  its  Shadow  upon  the  Geome¬ 
trical-plain,  and  from  the  point  N,  where  it  cuts  the  Balls 
of  the  Firft  Step,  you  muft  raife  the  Perpendicular  NP,  and 
thro’ the  point  P  draw  the  Line  in  Front  PQ:  And  likewife 
.  ràifefrom  the  point  Qrhc  Perpendicular  (^R,  to  draw  thro’ 
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the  point  R  the  line  SR,  and  fo  on,  till  you  come  to  the  Per¬ 
pendicular  TX,  which  will  be  terminated  at  X  by  the  Ray  of 
the  Sun  MX,  &c. 

PUte  35',  After  the  fame  manner  you  may  upon  the  Wall  ACf  F, 
Fig*6o.{inà  'the  Appearance  of  the  Shadow  of  a  Portico,  or  of  a 
Door,  a  Sight  of  the  Figure  being  enough  to  make  you  un¬ 
derhand  the  Way  of  it,  always  remembring  that  when  you 
are  to  reprefent  the  Shadow  of  a  Curve  Figure,  as  of  an 
Arch,  you  muh  find  the  Shadow  of  feveral  of  the  Points  of 
the  Two  Curves  Which  are  its  Bounds,  and  the  Number  of 
thofe  Points  cannot  be  too  great  for  a  juft  Operation,  that 
the  rounding  of  the  Curve  to  which  all  the  Points  of  Shadow 
belong  may  be  exaft  :  And  this  Method  is  to  be  us’d  when 
you  wou’d  put/uch  a  Shadow  in  Perfpeftive  % 

But  it*  is  iomething  more  difficult  to  draw  the  Appearance 
of  the  Shadow  of  a  Solid,  which  goes  over  a  Column  lying 
along  the  Geometrical-plain,  which  is  done  thus. 

To  mark  the  Appearance  which  the  Shadow  of  the  Par- 

3^*  allelepipedon  CE  cafts  upon  the  Cylinder  or  Column  FG, 

Fig.  6 1 

•  whichliesalongthe  Geometrical-plain,  and  whofeBafeF  being 
feen  in  Front  is  reprefented  by  a  Circle,  by  Theorem  having 
found  upon  the  Geometrical-plain  the  Shadow  of  the  Solid 
CE,  and  having  defcrib’d  about  the  Cylinder  FG,  the  Prifm 
or  Parallelepipedon  r,  2,  3,  4,  5,  (whole  Two  oppofite  Bafes 
I,  3,  and  4,  s,  being  circumfcrib’d  about  Two  Circles,  will 
be  Two  perfe^  Squares,)  raile  from  the  Two  points  (Î,  7, 
where  the  Shadow  of  the*  Body  EC  cuts  that  Prifm,  Perpen¬ 
diculars  to  the  Geometrical-plain,  which  you  muft  terminate 
at  the  upper  Surface  of  the  circumfcrib’d  Prifm,  and  upon 
which  you  muftdefcribe  Squares  to  infcribe  Circles,  whofe 
Circumferences  wnll  upon  the  Surface  of  the  Cylinder  FG, 
teïminate  the  Shadow  of  the  Solid  CE, 

Operations  on  thofe  Shadows  whkh  are  caus'd  hy  a 
Jmall  Light. 

A  S  the  Sun  is  infinitely  greater  than  the  Bodies  here  about 
us,  and  extremely  diftant  from  ’em,  its  Rays  may  be 
confider’d  as  parallel  to  one  another,  and  the  Shadows  of  the 
Bodies  which  are  very  little  in  refpe^l  of  that  great  Luminary, 
can  undergo  no  fenfible  diminution,  except  when  they  are 
put  in  Perfpeftlve  It  is  not  the  fame  of  the  Shadows  caus’d 
by  a  fmall  Light,  as  a  Candle,  which  is  very  little  in  propor¬ 
tion  to  the  Objefls,  and  near  enough  to  caufe  a  Shadow 
which  encreafeth  the  farther  it  goes.  Such  a  Shadow  may 
be  ealily  dcfcrib’d  upon  any  Plain,  by  obferving  what  has 
Jbeen  fald  concerning  the  Sun  ;  y/herefore  we.ffiall  here  only 
^dve  a  few  Examples  of  it. 
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O  P  E  R  A  T  ION  XXIX. 


How  io  find  the  appearance  of  the  Shadow  of  a  Point 
,  exposed  to  a  Candle. 

O  find  upon  the  Geometrical-plain  the  Appearance  of  -3,  ^ 

the  point  2  expos’d  to  the  Candle  F,  whofe  Situation  ^ 
IS  G,  which  we  fhall  call  Foot  of  Light,  draw  from  that  Foot 
of  Light  G,  thro’  the  Situation  i,  of  the  given  Point  2,  the 
Line  I,  3,  direfting  the  Shadow,  whicli  Line  you  muft  ter¬ 
minate  at  the  point  3,  by  the  Ray  F  3  drawn  from  the  Light 
F  thro’  the  given  Point  2,  whofe  Shadow  muft  poniequendy 
be  at  the  point  3,  and  the  Line  i,  3,  will  be  the  Shadow  of 
the  Perpendicular  i,  2,  which  touches  the  Geometrical-plain 
at  the  point  i. 

LikewijfS  to  find  upon  the  faid  Geometrical-plain,  the  Ap¬ 
pearance  of  the  Shadow  of  the  point  whofe  Situation  is 
the  point  4,  draw  thro’  that  point  4,  and  thro’  the  Foot  of 
Light  G,  the  Line  4,  6,  directing  the  Shadow,  and  termi¬ 
nate  it  at  <>,  by  the  Line  F  6,  drawn  from  the  Light  F  thro’ 
the  point  5,  whofe  Shadow  will  be  confequently  at  the 
point  6,  and  the  Line  4,  6,  will  be  the  Appearance  of  the 
Shadow  of  the  Perpendicular  4,  5  ;  whence  the  Line  3,  6,  is 
^the  Appearance  of  the  Line  2,  5  ;  and  confequently  the  Sur¬ 
face  I,  3,(5,  4,  is  the  Appearance  of  the  Shadow  of  the  Plain 
I,  2,  5,  4.  After  the  fame  manner ,  you  may  mark  the 
Shaclows  of  the  other  Plains,  which  are  the  Bounds  of  the 
Cube  1,2,  8,  7,  &C.: 

To  find  the  Appearance  of  the  Shadow  of  the  point  G, 
which  is  expos’d  to  the  faid  -Candie  F  ;  draw  from  the  Situ¬ 
ation  G  of  the  Light  F,  thro’  the  Situation  E  of  the  Point 
given  C,  a  Line  direfting  the  Shadow,  which  you  muft  con¬ 
tinue  along  the  Geometrical-plain»  till  it  meets  the  Horizon¬ 
tal-line  HD  in  fome  point,  asH,in  which  cafe  it  muft  not  be 
parallel  to  it,  and  when  the  faid  Line  meets  with  a  Plain  per¬ 
pendicular  to  the  Geometrical-plain,  (as  here»  where  it  meets 
the  Firft  Step  at  the  point!)  draw  it  upwards  till  having  met 
W'ith  another  Plain  parallel  to  the  Geometrical,  (as  here,  the 
upper  Part  of  the  Firft  Step  at  the  point  O)  draw  thro’  that 
•point  O,^to  the  faid  point  H,  the  line  OP  till'it  meets  the  fé¬ 
cond  Step  at  P,  from  whence  you  muft  raife  a  fécond  Perpen¬ 
dicular,  and  fo  fucceffively  quire  to  the  Perpendicular  QR, 
which  is  here  out  of  the  Plain  of  Profil  KLMN.  Laftly,  draw 
from  the-Light  F  thro’  the  Point  given  C,  the  Ray  FC,  which 
will  upon  the  Perpendicular  QR  give  the  point  R,  which 
will  be  the  Appearance  of  the  Shadow  of  the  given  Point  G 
upon  the  Plain  KLMN,  if  it  was  continu’d,  and  the  Line 

■  E  4  EOIP 
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EOIP,  &c.  will  be  the  Appearance  of  the  Shadow  of  the  Per“ 
pendicular  CE  upon  the  Geometric'al-plain,  and  upon  the  Steps- 
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Hqw  to  find  u^n  an  Inclin'd  Thin  the  appearance  of  • 
the  Shadow  of  a  I^oint  expos  d  to  a  [mall  Light. 

Plate  33.  '^1  mark  upon  the  Inclin’d  Plain  CEFG,  which  cutsth^ 
Fig.  ç5  A  Geometrical-plain  by  the  Line  CE,  the  Appearanc® 

‘  of  the  Shadow  of  the  point  Qj  which  is  expos’d  to  the  Light 
fuppos’d  at  the  point  T,  whofe  Foot  is  M  ;  confider  that 
,,  Foot  M  as  the  Point  of  the  Declination  of  the  Sun’s  Rays, 
and  the  Liglit  T  as  the  place  of  the  Sun  in  the  Pifture  ; 
then  this  Problem  will  be  folv’d  as  in  Oper.  2$. 
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Plate  3  6, 


How  to  find  the  Shadow  of  a  Body  raisd in  the  Air, 
caus'd  by  the  Light  of  a  Candle, 

TO  find  upon  the  Geometrical-plain,  the  Appearance  of 
the  Shadow  of  the  Body  CEFG,  which  is  fufpended 
•  in  the  Air,  and  which  is  eplightned  by  the  Candle  H,  whofe 
Foot  or  Situation  is  I  ;  mark  the  Shadow  of  each  of  its  Points 
or  Solid  Angles,  as  has  been  taught  in  29.  Thus  to 
find  the  Appearance  of  the  Shadow  of  the  Point  C,  whole 
Situation  is  K;  draw  from  the  Light  FI,  thro’  the  point  C 
the  Ray  HL,  and  from  the  Foot  of  Light  I,  thro’  the  Situ¬ 
ation  K,  the  Line  ÎK,  and  the  point  L  where  thefe  Two  Lines 
jnterfebt  will  be  the  Appearance  of  the  Shadow  of  the  point 
C.  Likewife  to  find  the  Shadow  of  the  Point  E,  whofe  Situ¬ 
ation  is  the  faid  point  K  ;  draw  thro’ the  point  E,  and  thro’ 
the  Center  of  the  Light  H,  the  Ray  HM,  and  from  the  Foot 
I  of  Light  I,  thro’  the  Situation  K  the  Line  IM,  and  the  point 
M,  where  thofe  Two  Lines  interfeO:,  will  be  the  Shadow 
of  the  point  E,  and  the  line  LM  will  confequently  be  the 
Shadow  of  the  Line  CE.  And  fo  of  the  reft.  . 
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Having  faid  fo  much  of  common  Perfpefllve,  we  fhou’d 
here  treat  of  Curious  PerfpsEfive  j  which  teaches  to  make  a  Fi¬ 
gure,  which  feems  deform’d,  appear  in  its  juft  Proportions 
when  feen  from  a  certain  Point,  or  on  the  Surface  of  a 
Cylinder,  or  of  a  Cone;  But  as  that  kind  of  Perfpeflive  de¬ 
pends  on  Catoptrickf}  which  treats  of  Refieftion,  and  even 
Dioptricks,  which  treats  of  Refraflion;  fince  we  .have  not 
given  the  Principles  of  thofe  Sciences  in  this  Courfe  of  Ma- 
thematicks,  we  fliall  notfpeak  of  it  here,  but  in  our  Mathe¬ 
matical  and  Phyfic-^l  Recreations. 

FINIS.- 


( 


THE 

CONTENTS 

OF  THE 

PERSPECTIVE. 


ATreatifeof  Perfpeffive,  Page  i 

^Définitions.  i  • 

THEOREMS. 


Theorem  I.  If  a  Right-line  being  produc'd^  does 
not  go  thro  the  Eye^  its  Appearance  in  the 
PiÜure  vcill  be  a  Right  line.  4 

Th  eor.  IL  If  a  Cone  be  cut  by  a  Tlain  parallel  to  its 
Bafe^  the  Section  will  he  a  Circle.  4 

Theor.  III.  If  a  Scalenous  Cone  he  cut  hy  a  Tlain., 
which  being  perpendicular  to  the  Bafe  of  the  Tru 
angle  of  the  Axis.,  cuts  off from  that  Triangle  {to- 
wards  the  Vertex)  another  Triangle  Similar  to  it  in 
a  contrary  To  (it  ion,  the  Sell  ion  will  he  a  Circle,  y 
Theor.  IV.  If  a  Cone  he  cut  hy  a  Tlain,  which  being 
perpendicular  to  the  Bafe  of  the  Triangle-  of  the 
Axis,  cuts  off  from  the  Triangle  towards  the  Ver-  . 
tex  another  Triangle  Dijfimilar,  the  Sell  ion  will 
he  an  EUip [is.  6 

Theor.  V.  If  a  Circle  le  parallel  to  the  PiBure,  its  ' 
Appearance  in  the  PiBure  will  alfo  he  a  Circle.  8 
Theor.  Yl.  If  a  Circle  is  not  parallel  to  the  TiBure, 
and  its  Tlain  peing  continued  does  not  pajs  thro  the 
Eye,  its  Appearance  on  the  PiBure  will  he  either 
an  Ellip/is,  or  a  Circle,  .  8 

Theor.  V\l.  If  a  Rightdme  he  parallel  to  the  PiBure, 
the  Appearance  of  it  in  the  PiBure  voill  he  pM  allé  I 
to  the  faid  Right -line.  9 

Theor. 


ne  CONTENTS. 

Theor.  VIH.  If  a  Right 4ine  being  produced  7neeî 3 
the  ViÈïure^  its  Appearance  in  the  ViSiure  being 
produc'd^  will  go  thrd  its  Accidental  Point.  p 
Theor.  JX.  If  Two  Right  dines  ^  which  are  par  aUel 
to  the  TiBme^  and  equal  to  one  another^  proceed 
from  the  fame  Roint  ;  their  Appearances  in  the 
RiBure  will  like  wife  be  equal  to  one  another,  i  o 
Theor.  X.  If  a  Right  line  par  aUel  to  the'RiBure  be 
dhided  into  equal  RartSj  the  Appearances  of  tbofe 
Rarts  in  the  RiBure  will  he  Equal.  1 1 

Theor.  Xf.  If  Two  Right  dines  Equal  to  one  ano^ 
ther,  and  Parallel  to  the  PiBure^  be  equally  2Ji- 
fiant  from  the  ViBure  ;  their  Appearances  in  the 
PiBure  will  be  Equal.  i  x 

Theor.  XII.  If  from  as  many  Points  as  you  will  of 
a  Right  dine  [which  being  produc'd  meets  to  the 
RiBure^  be  dr  awn  as  many  equal  Right  dines,  pa* 
rallel  to  one  another.,  and  to  the  PiBure,  their  Ap* 
pearances  in  the  PiBure  will  be  terminated  by 
Right  dines,  which  being  produc'd,  will  go  thro'  the 
Accidental  Point  of  that  Rightdine,  iz 

PROBLEMS. 

PRoblem  I.  A  Point  being  given  in  the  Geometric 
cal  Plain^  how  to  find  its  Appearance  in  the 
PiBure»  ig 

Probl.  A  Roint  being  given  in  the  Geometrical 
Rlain,  from  whence  proceeds  a  Rightdine  per  pen* 
dicular  to  the  Horizon,  whofe  Length  is  given  ; 
how  to  find  the  Appearance  of  fuch  a  Line  in  the 
RiBure.  '  14 

Probl.  III.  A  Point  being  given  in  the  Geometrical 
Plain,  from  whence  an  Inclind  Rightdine  of  known 
Length  proceeds  ;  how  to  find  in  the  PiBure  the 
Appearance  of  that  Inclin'd  Line,  i  j 


Probl. 


The  CONTENTS. 

ProbL  IV.  The  Appearance  of  a  Right -line  of  the 
Geometrical  Plain  being  given  in  the  ViHure  ; 
how  to  find  out  the  Length  and  Pofiiion  of  that 
Right -line  in  the  Geometrical  Plain,  i6 

Probl.  V.  The  Appearance  and  the  Situation  of  a. 
Right  dine  rais'd  above  the  Geometrical  Tlain  being 
given  in  the  PiSlure,  how  to  find  the  Length  and 
Height  of  that  Line  above  the  faid  Geometrical 
Tlain.  i  -j 

Probl.  Vf.  Howto  divide  into  Tarts  equal  in  Repre- 
fentation  the  Appearance  given  in  the  T^iBure  of  a 
RightMne  Situated  upon  the  Geometrical  Plain.  19 
Probl.  VII.  How  to  divide  into  Tarts  equal  in  Re- 
pre fentation  the  Appearance  given  in  the  PiBure 
of  an  Objective  Line  rais'd  upon  the  Geometrical 
Plain.  20 

Probl.  VIII.  How^  from  a  Point  given  upon  the  Ap» 
pearance  given  in  the  PiPiure  of  a  Geometical  Line^ 
to  cut  off  a  part  equal  in  Reprefentation  to  a  given 
Line.  •  a  i 

Probl.  IX.  Hovùj  from  a  Point  given  upon  the  Ap¬ 
pearance  given  in  the  PiBure  of  a  Right-line  rais'd 
above  the  Geometrical  Plain^  to  cut  off  a  Part  equal 
to  a  given  Line.  \  2  g 

Probl.  X.  How,  from  a  Point  given  in  the  PiBure^ 
to  draw  a  Line  parallel  in  Reprefentation  to  the. 
Appearance  given  in  the  Pitiure  of  a  Geometrical 
Line.  25- 

Probl.  XL  How.^  from  a  T oint  given  in  the  PiBure, 
to  draw  a  Lhne  parallel  in  Reprefentation  to  the 
Appearance  given  in  the  faid  PiEiure  of  a  Right¬ 
line  rais'd  above  the  Geometrical  Plain, 

Probl.  XII.  HoWj  from  a  T  oint  given  in  the.  TiBure., 
to  draw  a  Line  perpendicular  in  Reprefentation  to 
a  Right  dine  given  in  the  faid  TtBure.  2*7 


P  E  R- 


rk  contents: 

f 

PERSPECTIVE  PRACTICAL. 


<1 

Operation  I.  How  to  find  in  the  TiÜnre  the 

appearance  of  a  *Toint  given  in  the  Geametri- 
caUplam.  30 

Oper.  IL  How  to  find  in  the  TiSiure  tfie  Appear¬ 
ance  of  a  Right  dine  given  upon  the  Geometrical 
Tlain. 

Oper.  ITT.  How  to  find  in  the  Tiflure  the  Appear¬ 
ance  of  a  plain  Figure  given  on  the  Geometrical 

F  lain.  35 

Oper.  IV.  .How  to  reprefent  in  FerfpeBive  a  Floor 
of  equal  Squares  feen  foreright without  a  Geome¬ 
trical  Plain,  34 

Qper.  Y.  How  to  reprefent  in  FerJpeBive  a  Floor  of 
Squares  feen  Corner-wi/e,  without  a  Geometrical- 
plain.  IT 

Oper.  VI.  How  to  reprefent  in  TerfpeBive  a  Floor 
made  of  feveral  Squares  feen  foreright j  and  en- 
^  compafs'd  with  a  Border or  Frame.^  without  a 
Geometrical  Tlain.  3  5 

Oper.  VI 1.  How  to  reprefent  inTerfpeBive  a  Floor 
made  of  Equal  Squares  feen  Corner -wife  ^  and  en- 
compajs'd  with  a  Border without  a  Geometrical- 
plain.  3  7 

Oper,  VIIÏ.  Hovo  to  reprefent  inTerfpeBive  aFloor 
of  OBogons  mix'd  with  Little  Squares.^  without  a 
Geometrical  Plain.  ‘  37, 

Oper.  IX.  How  to- reprefent  in  TerfpeBive  a  Floor 
made  o  f  Hexagons.,  without  a  Geometrical  Plain.  3  8 
Oper.  X.  How  to  find  in  theTiBure.,  the  Appearance 
of  a  Circle  given  in  the  Geometrical  Tlain.  3  8 
Oper.  XI.  How  to  reprefent  in  TerfpeBive  the  Si~ 
t nations  of  feveral  Cubes  feen  forenght.,  equals  and 
equally  diftant  from  one  another and  in  BowSy 
which  end  in  the  Point  of  Sight.,  without  a  Geome¬ 
trical  Plain.  41 

Oper. 


The  CONTE  N.T  S. 

Oper.  XII.  Howtoreprefent  inVerfpe&ive  aSquare 

f€en  Corner -wje^  with  Four  other  Little  Squares 
Jeen  aJfo  Corner-wije,  and  Situated  at  the  Four 
Angles  of  the  great  Square^  without  a  Geometrical 
^lain,  42, 

Of  ELEVATIONS,  Or  SCENOGRAPHY. 

Oper.  XII T.  How^  from  a  Feint  given  in  the^PiSiure^ 
to  raije  a  Perpendicular  to  the  Ground-line  ^  of 
a  length  given  in  Reprefentation.  45 

Oper.  XÎV.  How  to  xeprefent  in  FerfpeFlive  a  Right 
Prijm.  44 

Oper.  XV‘  How  to  reprefent  in  PerJpeBive  fever al 
Upright  Cubes  equally  diflant  from  one  another^ 
and  jet  in  Rows  parallel  and  perpendicular  to  the 
Fi&ure.  <  4^^ 

Oper.  XVI.  How  to  reprefent  in  PerfpeSlive  m  Up* 
right  Concave  Prifm.  .  ,  4<^ 

Oper.  XVIL  How  to  reprefent  in  PerfpePiive  an 
Upright  Body  cut  Jloping. 

Oper.  XVIII.  How  to  reprefent  in  Perjpe Stive  Two 
Pyramids^  of  which  the  One  ftands  upon  its  Bafe^ 
and  the  Other  is  rais'd  upon  its  Vertex.  47 

Oper.  XIX.  How  to  reprefent  in  Perjpe&ive  an  Up^ 
right  Concave  Body  cut  Jloping  both  within  and 
without,  47 

Oper.  XX.  How  to  reprefent  in  PerfpeStive  the  Profil 
of  a  Piece  of  Fortification.  48 

Oper.  XXL  How  to  reprefent  in  Perfpe Stive  a  double 
Crofs  rais'd  at  Right  Angles  upon  the  Geometrical 

Plain.  48 

Oper.  XXTT.  How  to  reprefent  in  TerfpeStive  a  Right 
Prifm  rais'd  upon  One  of  its  Oblique  Plains,  49 
Oper.  XXill.  How  to  reprefent  in  Terfpe Stive  a 
Trifm  Inclin'd  to  the  Horizon  ^  re  fling  on  one  fide, 
md  fuflain'd  by  another  Prifm^  which  is  Upright, 

50 

Rules 


The  CONTENTS. 

Rules  j  or  the  Shadows  caus'd  by  the  Sun^  Juppos'd  out 
of  the  T^lain  of  the  ViSture,  5' 4. 

Rules  for  the  Shadows^  when  the  Sufi  is  Juppos'd  in 
the  F^ertical  Thin  and  the  Plain  (f  the  TiBure.  y  7 
Rules  for  the  Shadows  y  when  the  Sun  is  in  the  Plain 
of  the  TiBurCy  and  out  of  the  Vertical  Thin.  60 
The  TraBife  of  what  has  been  [aid  concerning 
Shadows.  63 

Open  XXIV.  How  to  find  the  appearance  of  the 
Shadow  of  a  Right-line  put  in  TerfpeBive,  and  per^ 
pendicular  to  the  Geometric aUp lain  ^  or  to  the 
FiEiurCj  or  to  the  Vertical-plain  upon  one  of  the  faid 
Plains,  or  its  Parallels.^  when  the  Sun  is  out  of  the 
Plain  of  the  PiBure.  64 

Oper.  XXV»  How  to  fnd  upon  an  Inclin'd  Plain  the 
yPppearance  of  the  Shadow  of  a  Point  rais'd  above 
the  GeometricaUplainy  when  the  Sun  is  out  of  the 
Thin  of  the  PiBure^  66 

Oper.  xiHVl.  How  to  find  the  j^ppearance  of  the 
Shadow  of  a  Body  on  the  Geometricafplainy  when 
the  Sun  is  in  the  Plain  of  the  PiBure.  67 

Oper.  XXV 11.  How  to  find  upon  the  Geometrical- 
plain  the  /Appearance  of  the  Shadow  of  a  Body^ 
with  fuch  an  Hole  in  it  as  to  let  the  Light  psinet  hr  o' ^ 
when  the  Sun  is  in  the  Plain  of  the  PiBure.  6  9 
Oper.  XXV I H.  Bfow  to  reprefent  in  PerfpeBive fuch 
Shadows  as  receive  the  Figures  of  the  Thins  on 
which  they  fall,  69 

Operations  on  thofe  Shadows  which  are  caus'd  by  a 
fmall  Light.  70 

Oper.  XXlX.  How  to  find  the  /Appearance  of  the 
Shadow  of  a  Point  expos'd  to  a  Candle.  7 1 

Oper.  XXX.  How  to  pnd  upon  an  Imlind  Plain  the 
/Appearance  of  the  Shadow  of  a  Point  expos'd  to  a 
fmall  Light.  ‘  .  72. 

Oper.  XXXI.  How  to  find  the  Shadow  of  a  Body 
rais'd  m  the  dir,  caus'd  by  the  Light  of  a  Candle.  72 


Table  of  the  TERMS 

'  Explain’d  in  the 

PERSPECTIVE. 


A 


A. 

Tpearance.  .Pag.  j. 

B. 


B 


A  SB  of  the  ViBure 

2. 

*  c. 


F.  . 

\Ront. 

s 

Foot. 

4Î 

r—  of  Light. 

71 

— In  Front. 

43 

— ^erfpeBive, 

4Î 

C^Atoptrkks» 

4  Center. 
—^Apparent, 
- - -TJivik'mg. 

D. 


I^ 

21 

H 

2£ 


G 


G. 

LASS. 
Ground  lînf. 


Diameter.  ^ 

— — of  the  SeBion. 


Dhptrkks. 


Apparent  ■ 


7 

39 

72* 


H 


I 


E. 


E 


iPns. 


L 


H. 

EIGHT  of  the  Ey 

I. 

Chnography. 

L. 

INE. 


— Ground. 
Horizontal. 


^  mi 


A  Table  of  the  Terms, 

jr^of  Station.  2  - of  the  Eye.  '  à 

— — inertie  al.  .  2  — "Dijîance.  2. 

— ^Geometrical.  20 - Accidental.  3 

_ Ohje^ive.  20-  ~ — -Accidental  of  the 

- —  Fleeing.  43  PtSiure.  ft 

- Ft  ont  i  45  — (>/  Inclination  of 

- 0/  Elevation*  44  the  Rays  of  the  Sun.  6 1 

- of  the  Inclination  Tiliure.  .  2, 


of  the  Rays  of  the  Sun.  64  Tlace  of  the  Sun  in  the 


*  fc,-  --4. 


Figure. 

O.  !  -Polyhedruiîi. 

Torfil. 

Rthographical  FrofiL 

vl  T. * 

«.  .  Î  ,  , 


yz 


46 

46 


P. 


Rat. 

— ■ 


Trincipal. 


'2——Praaical.  28  ~ 


2 

2 


• — ^  •- — -  Lineal. 
- 

— - Curious. 

FerfpeBive  Foot.  ' 
Flain. 

— ^  Geometrical. 

Situation, 

- — jpeliive. 
Horizontal. 

• — -  Vertical, 
—-in  Front, 
of  Trofil. 


28  c 

28 

^72  Ç^CALE.  ^ 

43  ^ - Fleeing.  ^ 

3  - in  Front  . 

1  Square. 

1  - TerjpeStive. 

2  - -Seéion.  ' 


4^ 

43 

43 

29 

29 

2 


• - of  Sight. 

•^—Trincipal. 


2  Subcontrary  SeBion  4  o 
2 

T. 

^7  ...  .V  .  ' 

2*  ^Able.  *  2 

2  X  Triangle  of  the 
^  Axis.  5* 


FINI  S\ 


'  f  rc 
iW-i 


f 


« 


I 


'  N. 


'f:  / 


•  ^ 


-1 


